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|.—THE WILT DISEASE OF TOBACCO AND ITS CONTROL.“ 
By R. FE. B. McKenney, Physiologist, Vegetable Pathological and Physiological 


Investigations. 


THE DISEASE. 


The wilt type of disease is a well-known one, affecting cotton, water- 
melon, cowpea, tomato, and other crops. Until the present there has 
been no publication bearing on tobacco wilt, although the writer has 
been acquainted with the disease for a number of years and some of 
the North Carolina growers have been troubled by it for at least ten 


Fic. 1.—Field of bright tobacco in Granville County, N. C., affected with wilt disease. 


years. Accordingly, before considering the control of the wilt it will 
he necessary to give a brief description of the disease and its cause. 


“During the past few years specimens of tobacco suffering from what appeared to 
be a true wilt disease have been received by the Department from a number of 
tobacco districts. During the past summer, however, in a certain section of North 
Carolina the disease was found so destructive that it is deemed necessary to make 
this preliminary statement concerning the disease and its control. 

A. F. Woops, Pathologist and Physiologist. 


OFFICE OF VEGETABLE PATHOLOGICAL AND PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D. C., September 12, 1903. 
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So far as known the wilt disease does not make its appearance until 
the tobacco has attained about a third of its growth. The first evi- 
dence the grower has of the disease is the sudden wilting, or drooping, 
of one or more of the leaves. This wilting is not a temporary one 
caused by intense sunlight and excessive beat, but a permanent one, 
followed by withering of the wilted leaves. In some cases only a few 
of the leaves are killed. Asa rule, though, the wilting of a few leaves 
is followed by wilting and the subsequent withering of all the leaves 
of the plant. (Fig.1.) Later the base of the stem blackens and rots. 
An examination of the roots at this stage of the disease shows them 
likewise to be blackened, and usually soft and mushy. Asa rule, the 
tirst diseased plants are found in the washes and lower parts of the 
field. In the sections where it is just making its appearance the disease 
may be confined to a few plants in the field. At times nearly the entire 
field will go down with the disease during the first year. In almost all 
cases the second crop planted on such infected fields is sure to be prac- 
tically a complete loss. 


CAUSE OF THE DISEASE, 


Although the disease has not been studied to the same extent as the 
wilts of cotton, watermelon, and cowpea, still the history of the wilt 
in the field and the microscopic examination of diseased plants show 
this disease to be of the same type as the wilts of cotton, watermelon, 
and cowpea already worked out by Dr. E. F. Smith and Mr. W. A. 
Orton, of the Department of Agriculture. Microscopic examination of 
wilted tobacco always reveals the presence of a fungus belonging to the 
genus Fusarium (Neocosmospora). This is found in the woody parts 
of roots and stem. The black lines running up through the wood of 
the stem readily reveal to the naked eye when cut or broken across the 
passage of the fungus up the stem. 

As shown by the work on other wilt diseases, the /usaréum is a soil’ 
fungus, and gains entrance to the plants through the jive roots. It 
rapidly spreads into the larger roots and up into the stem. The path 
of the fungus is through the woody vessels which conduct the sap 
upward. In many cases the growth of the fungus is so great that the 
woody vessels are almost, if not completely, plugged up. The flow of 
crude sap up to the leaves is either very much decreased or entirely 
stopped. Since there is no supply of water from the roots to replace 
that evaporated from the surface of the leaf, the leaf wilts and dies. 


CONTROL OF THE DISEASE. 


Once a plant becomes affected by the disease there is no hope of its 
recovery, and when the larger part of the field is affected the crop is a 
total loss to the grower. Sudden droughts have been said to arrest the 
progress of the disease, but they do not save the crop. The treatment 
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of the wilt must be one of prevention—that is, the spreading of the 
disease must be prevented, and an effort made to rid the infected fields 
of it. In treatment of the disease, it is of the greatest importance that 
the long-lived character of the moldlike threads of the fungus in the 
soil and its manner of reproduction, or, more popularly speaking, of 
seeding itself, be borne in mind. 

The Fusarium has been known to live in the soil for a number of 
years and still be able to produce the disease. This is particularly true 
in districts with mild winters. It is therefore useless to plant tobacco 
on infected fields until they have been rested for a period of from five 
to eight years, depending upon the amount of disease present. During 
this resting period sorghum, corn, wheat, oats, or any other crop of the 
grass family may be planted with safety, since these are not subject 
to this disease. Sorghum and corn are particularly recommended. 
Tomato and eggplant also suffer from a wilt disease. That the 
tobacco wilt is the same as that affecting these plants has not yet been 
proved, but the relations of the tomato and eggplant to tobacco make 
it not improbable that all three may suffer from the same disease. 

In order to eradicate the disease, it is necessary that all source of 
infection of new fields be destroyed. All diseased plants should there- 
fore be burned on the field where they were grown. The burning of the 
plants does not mean any loss to the grower, because the chief fertiliz- 
ing value of the tobacco stems lies in the amount of potash which they 
contain. In the burning the potash is not lost, but is retained in the 
ash, and has fully as much value as before burning. If the diseased 
plants are not burned, they are scattered about and serve to inoculate 
new fields. Plows and other tools used on the infected lands should 
be cleaned where used. Since the growth is favored by acid substances 
and hindered by alkaline substances, washing the tools with soap and 
water is advised, since the slight alkalinity of the soap acts injuriously 
on the fungus. None of the diseased tobacco should be mixed with 
manure or compost heaps, since the fungus spreads rapidly through 
the manure, and when that is placed on the land, of course the land 
becomes infected with the disease. Manure barns in which diseased 
tobacco has been placed should be burned and barns erected on new 
land. A number of cases are known where the disease has lived in 
the manure sheds for years. 

As an additional means of getting rid of the fungus it is advised 
that the tobacco stubble be plowed up in the autumn and burned on 
the field. The reason for this is twofold. In the first place, this 
stubble is a good breeding place for the fungus during the winter; 
secondly, of the three kinds of fruiting or seedlike bodies formed by 
the Fusarium the one most difficult of destruction is produced on the 
roots during the autumn and winter. By turning up the stubble in 
autumn and burning it these seedlike bodies are either prevented 
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from forming or are largely destroyed, if already formed. ‘Tobacco 
suffering from wilt will rarely set seed, but should such happen the 
seed should not be used, because it would be poorly formed and yield 
only weak seedlings. 

The most successful method of combating wilt diseases has been 
found to be the selection and breeding of resistant varieties. For the 
cowpea and cotton this has been accomplished by Mr. W. A. Orton of 
this Department. The writer has selection experiments under way 
which may yield a variety of tobacco resistant to the disease. Until 
such a resistant variety is obtained, however, it is essential that the 
precautions just advised be taken. If they are not taken the ravages 
of the disease will become greater, whereas if they are followed the 
disease may be prevented from spreading to new fields and probably 
to a large measure may be eradicated from old fields. 

As an additional precaution it is recommended that no fertilizers 
containing kainit or muriate of potash be used. These are not only 
believed to make conditions favorable for the continuance of the dis- 
ease, but they also give the leaf poor texture and bad burning quality. 
In soils deficient in lime an application of 50 bushels to the acre may 
prove advantageous. Care must be taken, however, not to use too 
much lime, since that also causes the leaf to burn poorly. 

Observations and experiments on this disease will be continued, and 
it is hoped that a surer method of control may be obtained in the near 
future. 


B. P. I.—93. 


I—THE WORK OF THE COMMUNITY DEMONSTRATION FARM 
AT TERRELL, TEXAS." 


By Seaman A. Knapp, Special Agent in Charge of Harmers’ Cooperative Cotton Demon- 
stration Work. 


INTRODUCTION. 


The work of the Porter Demonstration Farm at Terrell, Tex., for 
1903 having been completed, I take pleasure in submitting a detailed 
report of its operations and results. 

Acting upon instructions, I visited Terrell and organized the farm 
upon a practical basis. 

A committee of business men and farmers was appointed to carry 
out the plans agreed upon. This committee was composed of W. E. 
Flower (president), B. T. Childress, J. B. Porter, Walter C. Porter, 
J. N. Stallings, F, B. McKay (secretary), W. EK. Henderson, and C. T. 
McGinnis. Great credit is due these gentlemen for their judicious 
management and intelligent services. 


«In connection with the work of the United States Department of Agriculture in 
Texas and Louisiana in demonstrating the possibility of growing diversified crops 
with greater profit than results from confining attention to a single farm product, 
and also in showing the value of better cultural methods, it seemed desirable to 
make special demonstrations in certain communities of the benefits which would be 
derived from the rotation of crops, thorough cultivation, the intelligent use of ferti- 
lizers, ete. 

The citizens of Terrell, Tex., offering to pay the expenses of such a demonstration, 
Dr. Seaman A. Knapp, Special Agent in Charge of Farmers’ Cooperative Cotton 
Demonstration Work, was sent to that city and organized afarm on the general basis 
outlined in this report. 

It is believed that, though only simple tests were made, results of sufficient value 
to justify calling special attention to them have been obtained. Thestatement of the 
season’s work is not presented as a contribution to the science of agriculture, but 
merely as a record of what was done by one farmer acting under the directions of a 
representative of the United States Department of Agriculture, together with that 
farmer’s testimony that he found decided financial benefit resulting from follow- 
ing those directions. 

Every good farmer can do work of this sort, and every wide-awake community 
can organize a demonstration farm to show the people in its section that marked 
financial advantages will accrue if better methods of soil culture, etc., are followed. 


B. T. GALLoway, Chief of Bureau. 
Unirep Srates DEPARTMENT OF AGRICULTURE, 
Bureau or PLANT INDustTRY, 
Washington, D. C., January 29, 1904. 
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The demonstrations were under the immediate management of Mr. 
Walter C. Porter, one of the most capable farmers in north Texas, 
while the general control of the experiments was placed in my hands. 

The object of all such demonstrations is to test or prove some 
important fact bearing upon agricultural conditions. If these demon- 
strations are conducted in such a way that few persons see the result 
or learn about it, little is accomplished. The plan adopted by the 
committee at Terrell involved keeping in touch with the work on the 
part of the large number of business men and farmers who had sub- 
scribed to the guarantee fund, and who accordingly made frequent 
inspections of the farm in order to see how the work was progressing, 
a personal interest being taken in learning for themselves that the 
methods followed were in accordance with the best agricultural 
practices. 

RESULTS ACCOMPLISHED. 

Upon the final settlement for the operations of the Demonstration 
Farm for the season, Walter C. Porter, the farm manager, announced 
that he had cleared $700 more than would have been made under the 
ordinary methods of farming employed in that section, and he stated 
that in 1904 he should work his entire farm, about 800 acres, upon 
the basis of the same cultural methods which had been followed on the 
experimental plats. Many of the owners of large farmsein that section 
of the State made similar announcements. 

Hon. E. H. R. Green, of Terrell, Tex., became greatly interested 
in observing the results accomplished on this Demonstration Farm, 
and his interest took a practical direction when, in November, 1903, he 
purchased 410 acres of land lying adjacent to the city of Terrell and 
at once invested a large amount of money in improvements, with the 
intention of establishing one of the most complete demonstration 
farms in the United States. 


METHODS EMPLOYED. 


The methods employed by the citizens of Terrell in establishing this 
Demonstration Farm may be summarized as follows: 

(1) Eight practical men were selected to act as an executive and 
advisory committee, with full authority. 

(2) The citizens subscribed a sum of money sufficient to guarantee 
that any contract made by the committee would be carried out. 

(3) One of the best farmers in the section was chosen to conduct the 
demonstrations upon his own farm. He was to follow strictly all 
instructions given by the representative of the Department of Agri- 
culture, and if the result showed finance ial losses owing to changes 
from the methods formerly employed he was to be fully reimbursed 
out of the fund subscribed by the citizens. 

It was the intention the first season merely to test varieties and to 
investigate the effect of fertilizers, methods of cultivation and plant- 
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ing, etc., leaving any special effort to produce large crops for subsequent 
years after the soil conditions had been accurately determined. — It was 
considered wise to restrict the tests to the ordinary farm crops of the 
section. 

DESCRIPTION OF THE FARM. 

The demonstrations were made on a tract of about 70 acres of mod- 
erately rolling, light, sandy loam upland, underlaid with clay at a 
depth of about 24 feet. 

This land had been planted to cotton or corn every season for twenty- 
eight years without the use of a commercial fertilizer and without 
employing any renovating crops, except upon Plat No. 2, which was 
planted in corn and cowpeas the preceding year. Nearly all the 
humus had been removed from the soil of this farm by successive 
cropping until both the corn and cotton grown upon it indicated an 
impoverished condition of the soil. 

The entire tract had been plowed in January about 44 inches deep 
with an ordinary turning plow. This was prior to the establishment 
of the Demonstration Farm. 


FERTILIZERS USED. 


The basis of all fertilizers used was the following compound: 
Available phosphoric acid, 10 to 12. 
Total phosphoric acid, 12 to 15. 
Bone phosphate of lime, 26 to 32. 
Potash sulphate, 8 to 12. 
Potash KO,, 4 to 6. 
To this compound was added one-third of its weight of cotton-seed 
‘meal, the resulting fertilizer being known as mixture No. 2. On 
Plats 1, 4, 6, and 8, 200 pounds of this mixture were sown broadcast 
upon the land after planting. On Plats 3, 5, 7, and 9, no fertilizer 
was used. On Plat 2, 200 pounds of mixture No. 2 were used per 
acre, dropping it equally on each side of the rows of cotton ut the 
time of the first plowing. Plat 2, as stated, had been planted in corn 
and cowpeas the preceding year. The method of applying the ferti- 
lizer to this field was precisely like the others. 

The following table shows the yield of cotton per acre on the ferti- 
lized and unfertilized plats: 


Pe iat es — in | Yield in rhea 
5 ariety of cotton | p..451;, ; ' ounds of | pounds of 
No.| Acres. planted. Fertilized or not. Planted. ad cotton Ent potter to _ : 
per acre. | per acre. Dead 7 
1 Be | PROM OC eras hctoe ns Fertilized ....... Apr. 18 to 21. 920 326. 6 $53 
2 Bee) ae =~ Cite ee a ie eS a Gta se brea| tase Monee 22 ee cy Apy a 414.4 352 
3 5 ee fo (a ae Aeon ae ees Not fertilized....|..... GOs 23 +. 3%. 730 259.15 352 
4 SaMGIpsON 2.2.00... 22 Wenuuized es. |sccee Coes: 826 279.84 34 
5 Byes os © Us lls, Seat ee Not fertilized....}..... AG seks. 634 215. 56 34 
6 2} Russell Big-Boll..| Fertilized .......)..... Hines 2 f: 790 yA Ne 28 
7 ee ts Per eae Not fertilized....|....-. rh Oe 711 199 28 
8 SERLOLIDLOOL ..2-...| Rertilized ....- 2.2.3. A Oreee ace ar 718 226.15 314 
9 ae iiek seat tne a Not fertilized....|..... ths eae 670 211 313 
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Two hundred pounds of this fertilizer the amount used per acre— 
cost $1.54. With cotton at 12 cents per pound, the result of using 
the fertilizer is shown below. ‘The first column of figures shows the 
eain in pounds of seed cotton by the use of fertilizers; the second 
column shows the value of this increased product; the third column, 
the cost of the fertilizer per acre, while the fourth column shows the 
net profit per acre. 


Gain in 


~~. |: Gain ip Cost of 5 ie 

Variety of cotton planted. Wey tnd value fertilizer — _ 

; ae acre per acre, per acre, I : 

ET TEE) NG RAD ER ea ee a gee si 190 $8.11 | $1.54 $6. 57 
Ee a OD ee A ee ee ern 729.16 31.05 | 1.54 29. 51 
CG he ee a ae ene Seer oe 192 7.71 | i 6.17 
rte te Oilite ON hn ss once vanes a= oaaue eames 79 | 2. 66 | 1, 54 ee 
SPOT T TPR. By ee Si eR ea ee ter 48 1.81 1. 54 | a) 

I 
| 


If all the gain in Plat 2, 729.16 pounds of seed cotton, was credited 
to the fertilizer, this would show a value of $31.05 per acre, at a cost 
of $1.54. It is evident, however, that some allowance must be made 
in this case for the crop of cowpeas grown during the previous year 
and for the consequent better cultural condition of the plat on which 
this cotton was produced. 

COTTON. 


Some 37 acres in all were planted in cotton, divided into nine plats 
or fields. 

Just before planting, the land was disked, cross-disked, and har- 
rowed. The cotton seed was planted 1 inch deep in rows 34 feet apart, 
the planting drill being followed by a roller which pressed the soil 
after the seed was covered. The cotton came up in five or six days 
after planting. From May 1 to May 3 the fields were harrowed, and 
in about twelve days they were side harrowed and cultivated. From 
May 15 to May 18 the soil was chopped to 18 inches and then plowed, 
it being plowed thereafter once every twelve days until August 1. All 
plats received the same cultivation. 

The bollworm in great numbers attacked the entire crop of cotton 
and reduced the yield at least one-half. 

On the east of the Porter farm is an adjoining field of precisely 
similar soil and drainage, except that it had produced but three crops 
from a virgin state. This tract has been designated as Field A. It 
was inexcelient condition, and was planted to Rowden cotton and well 
cultivated in the ordinary way without the use of fertilizers. The yield 
on this 30-acre tract was 10 bales of 500 pounds each, or 1663 pounds 
of lint cotton per acre, as against 326.6 pounds per acre on Plat 1 and 
414.4 pounds on Plat 2 of the Demonstration Farm, showing a gain of 
160 pounds per acre, worth $19.20, on Plat 1, and of 249.74 pounds, 
worth $29.86, on Plat 2, due to better cultivation and the moderate use 
of fertilizers. These amounts per acre would stand to the credit of the 
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demonstration fields without modification, provided the soils were of 
equal fertility; but, as stated, the adjacent field was comparatively 
new and rich in humus and far better than either Plat Lor Plat 2. 

On the northwest of the Demonstration Farm is another tract of 
land, a rich sandy loam, which had been in cultivation only about four 
years, designated in the following table as Field B. It was planted to 
Rowden cotton and given good common cultivation, but no fertilizers 
were used. The product was 21 bales from 65 acres, or 161.54 pounds 
of lint cotton per acre, showing a gain in favor of Plat 1 of 165.12 
pounds per acre, worth $19.81, and in favor of Plat 2 of 252.81 pounds, 
worth $30.34, due to intense cultivation and the use of some fertilizer. 

A comparison of the results obtained on the Demonstration Plats 
and on Fields A and B further shows the proportion of this gain due 
to cultural methods and to fertilizers. The total gain in Plat 1 over 
Field A was $19.20 and over Field B $19.81 per acre. It has been 
shown that the amount to be credited to fertilizer on Plat 1 is $8.11 
per acre. Deducting this, it leaves $11.09 credited to Plat 1 as com- 
pared with Field A, and $11.71 credited to Plat 1 as compared with 
Field B on account of better tillage. The culture values as compared 
with Plat 2 can not be made, because the effects of culture and fertilizer 
on Plat 2 were not separately tested. 

The results for the Rowden cotton may be tabulated as follows: 


In- 
| Total Pounds | Pounds tela Increase | crease 
Plat. os pounds of gain |Gain in) of gain |Gain in ia in value} in 
bel Character | Fertilized or | of lint} per value per value alive due to | value 
field of culture. not. cotton | acre over acre over | ais rvs culture | due to 
‘ per over |FieldA.| over |Field B.| ‘parti. over | culture 
acre. |Field A. FieldB. ost Field A.| over 
as ae ‘FieldB. 
er = ee a re 
1 | Improved ..| Fertilized ....| 326.66 | 160 $19.20 | 165.12 | $19.81 | $8.11 $11.09 | $11.71 
wleacse ee ER Bee “Cee AAR ASS Poa ea eZ OO POO Z ISO OUn ae) cnc ues tee ccniea etal ioe mie acters 
= 4a GOPALE. Not. fertilized -|) 259.15 | 92)49}. 11.09) 77.61 | 11.71:).2...0..[0...-.2.02 fe ee rey 
Ae COMIN OMe = ])25- = GOs ee aes NGGEODH Roepe tee rarsratersaleeite Siete amet «Siecle eet lew nan orso es | erctae aims 
Lys Ree | sane ALO ae eee Ol Oeil eee lnm cee als weal es til Cok ade so SOS lee tai 


It is noticeable that the fertilizer and cultural methods employed had 
a much greater effect upon some kinds of cotton than upon others, 
the Rowden and the Gibson varieties proving much more satisfactory 
in this respect than the Russell Big-Boll and the Stormproof. Fer- 
tilizing hastened maturity about ten days. 


CORN. 


The land planted to corn received precisely the same preparatory 
treatment as that given to the cotton fields. On March 28 it was 
disked, cross-disked, and harrowed, and from April 4 to April 8 it 
was planted in corn, 2 inches deep, with rows 5 feet apart. 

The following varieties were used: Native Texas corn, White Won- 
der, Reed’s Yellow Dent, and White Pearl. 
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The corn came up on April 12. On this date there was a heavy 
hailstorm, which damaged it badly. Cultivation commenced on May 1. 
The corn was thinned to a stand of 18 inches in the row, and cultiva- 
tion was repeated once every ten days till June 15. At this date the 
stalks averaged 44 feet high, when a severe wind blew fully 50 per 
cent of them flat across the rows, preventing all further cultivation. 
Most of the stalks blown down did not recover and were a total loss, 
besides preventing any further test of cultural methods. 

Three hundred pounds of fertilizer per acre were applied to a por- 
tion of the farm. ‘This fertilizer was composed of equal parts of 
cotton-seed meal and of the compound before mentioned. It was 
applied at three different periods—100 pounds at the time of plant- 
ing (drilled in with the seed); 100 pounds at the time of the first cul- 
tivation (on the sides of the rows); and L100 pounds about June 1 (in 
the middle of the rows). 

The results in the case of corn are not considered of great value 
because of the heavy loss entailed by the June windstorm and the 
impossibility of continuing cultivation after that time. Further, the 
instructions to plant cowpeas between the rows could not be carried 
out except to a limited extent, on account of the prostrate corn. 

A summary of the principal results obtained in the experiments 
with corn will be found in the following table: 


7 | Date of | Date of | ey oe 
Variety of corn. Bb When up.| first cul- | roasting RS dad ¥ ee Fertilized or not. 
5 or Je] . 


tivation. ears, 


——_—__—___—. i = — == — =! ee — | — 


| Bush. lbs. 


1. Native Texas..| Apr.4to8/| Apr. 12} May 1] Aug. 1 | Aug. 15] 41 9 | Fertilized. 

Dp Native Texas: 6). 2:0 20o!--. hoe do ...|....do...| Aug. 10 | Aug. 25} 30 18) Not fertilized. 

a. White Wonder}... <2d0....clic.. do...|....do0...| July 12 | July 27} 32 0 | Fertilized. 

4. White Wonder....... (3 Coe eee do...|....do...| July 22.| Aug. 7 | 28 ‘ 15) Not fertiiized: 

5. Reed’s Yellow |..... GO is selon do ...|....do...| Aug. 1] Aug. 15| 22° 18) Fertilized. 
Dent. 

6. Reed’s Yellow |..... €O)26 clone GO ion tease do.../ Aug. 10 | Aug. 25 | 18 0 | Not fertilized. 
Dent. | } | 

7. White Pearl ...|..... Se A025 bok do... | 23 10 Fertilized. 

8 19 16 Not fertilized. 


. White Pearl ...!..... ae AES: rae eae Ce eee ene 


The fertilized corn was of considerably better quality than that 
grown without fertilizer. The results obtained by fertilizing would, 
of course, have been much greater had it not been for the storm 
referred to. All the corn in the field was gathered from October 1 to 
October 10. 

It should be noted that the White Wonder corn was earlier than the 
other varieties tested. An acre of White Wonder corn was planted 
in rows 34 feet apart and thinned to 28 inches in the row. The 
product under the same cultural treatment was 34 bushels per acre 
less than where the rows were 5 feet apart. 


B. P. 1.—98. V. P. P. I.—114. 
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By M. B. Warrr, Pathologist in Charge of Investigations of Diseases of Orchard Fruits, 
Vegetable Pathological and Physiological Investigations. 


INTRODUCTION. 


The severe cold weather of the past winter, especially the intense 
cold of January 4 and 5, resulted in very serious damage by freezing 
to orchards in New York and New England, especially in the Hudson 
and Connecticut valleys. ‘The damage was found to be mainly to 
peach, Japanese plum, and pear trees, and the most serious harm was 
largely confined to the lower levels and pockets. The writer recently 
visited the orchards around Marlboro and Milton on the Hudson River, 
and also those located at South Glastonbury, Conn. In conversation 
with the growers, it was found that, as a rule, they overestimated the 
damage. In several cases orchards were already cut down which would 
probably have recovered if given proper treatment. 


DAMAGE TO BEARING PEACH ORCHARDS. 


In the bearing peach orchards the trees most injured by freezing 
show the bark entirely blackened and dead, more or less separated 
from the trunk, and the wood turned a very dark brown color. The 
injury extends far up onto the limbs, although the hark usually has not 
separated on the branches. Such trees are dead beyond all question and 
-should be treated accordingly. Scarcely 10 per cent of the orchards 
visited were found to be in this completely frozen condition. Even 
on these, the bark on the branches and small limbs still retained its 
vitality. Such trees were largely confined to cold, low, flat places, or 
to pockets at very moderate elevations. Sometimes a rise of 10 or 15 
feet resulted in the trees being less seriously injured. 


@ In the hope of being of some service to the fruit growers of New York and New 
England whose orchards have been severely damaged by the extreme cold of the 
past winter, it has been thought desirable to publish from the Department a brief 
explanation of the damage done, with advice as to how to treat the injured orchards. 

A. F. Woops, Pathologist and Physiologist. 

OFFICE OF VEGETABLE PATHOLOGICAL AND PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D, C., March 28, 1904, 
i) 
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With many peach trees, however, the bark is lightly separated from 
the wood, which is of a dark walnut color next the cambium and 
brown throughout. Though still alive, the bark is somewhat browned 
and discolored, the youngest or outer layer of wood has been frozen 
until it is now of a dark walnut color, and the wood of the trunk is 
blackened throughout. Many of these trees are of questionable vitality, 
and will probably succumb. Others have enough vitality to enable 
them to pull through. Where the bark is adhering or only partially 
separated from the trunk, the chances for recovery are good. The 
tops of such trees are usually found in fair condition, the wood 
brownish, but the white cambium layer uninjured, though lying imme- 
diately in contact with the brown, dead wood. The twigs, especially 
the one-year wood, sometimes have been frozen so badly that they 
will not be able to push the leaf buds. In severe cases the leaf buds 
themselves are killed, but, as a rule, they are still alive. Of course on 
all such trees the fruit buds are killed. The most injured part is the 
trunk just above the snow line. About one-half of the orchards 
examined were in this condition. 

A third class, which may be described as the moderately frozen trees, 
in which the wood above the snow line is blackened but the bark not 
separated from the wood and with the cambium still apparently alive, 
although water-soaked and injured, frequently has minute brown 
streaks in the bark immediately in contact with the cambium. Such 
trees will almost invariably recover. Where orchards are in this con- 
dition, only the trees in the low situations, where there was an excess 
of moisture and drainage nitrogen and which also afforded basins in 
which the cold air was caught, may be expected to die. All such mod- 
erately frozen trees, even though the wood is blackened throughout, 
may be expected to yield abundant crops for several years in the future. 

Nearly every tree in the entire Michigan fruit belt was frozen in 
February, 1899, so that the wood was blackened and dead clear to the 
bark. A new layer of live, white wood formed inward from the live 
bark, the trees made a fairly good growth, having no fruit crop to 
carry, and bore the year following a record fruit crop. Moderate 
pruning back, say from one-third to not over one-half the tops, gave 
the best results on trees of this character. No pruning at all gave much 
better results than too severe cutting back. Many trees were cut back 
to the large branches, or *‘dehorned,” and failed to push out. Similar 
trees moderately pruned pulled through and made a fine growth. 

On the higher levels aud ridges in both the Connecticut Valley and 
the Hudson Valley there are orchards in which some of the fruit buds 
have survived and in which the trees were only moderately frozen. 
The fruit buds apparently are more hardy than the youngest, tender 
sapwood. In fact, the most hardy portions of the tree are the cambium 
layer—an extremely thin film of very vital tissue between the bark 
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and the wood—and the leaf buds. That portion of the tree having the 
most life or protoplasm in it, fortunately, is the most resistant. Young 
trees in orchards from one to three years old were injured less than 
older bearing trees. Nursery trees, on the contrary, were frozen dead 
to the snow line. These are entirely one-year wood, of course, and are 
of a rather forced, tender, sappy nature. 


HOW TO TREAT THE PEACH ORCHARDS. 


The orchardist should be cautious about pulling out damaged trees. 
Unless for some other reason than the present injury from frost he is 
willing to dispense with the orchard, he should give the trees an oppor- 
tunity to show what they will do before condemning them. Almost 
all the trees in which the bark is stuck tight at the critical point—about 
two feet from the ground—may be expected to pull through, and many 
which have the bark partially loosened may recover. Moderate pruning 
back, followed by good cultivation and, unless the land is in very good 
condition, with a moderate amount of fertilizing, will be the best course 
to pursue. If the buds can push out in the tops, growth will extend 
downward, resulting in many cases in acomplete covering of new, sound, 
white wood, even over the most injured part on the trunk. The frozen 
dead wood can conduct the crude sap as long as it remains moist. If 
the bark remains alive it will carry the elaborated sap downward from 
the leaves. This shell of new wood will be sufficient to maintain the 
tree in profitable bearing and will, of course, be added to annually. 
Nearly all the peach trees in Michigan, notwithstanding the fact that 
they have a dead, black heart, as well as many of those similarly 
affected in Missouri, Maryland, and Georgia, have been bearing good 
crops of fruit. 

The aim should be, with good cultivation and fertilization, to grow 
the tree out of the injury. Stable manure will probably answer the 
requirement in some cases. Nitrate of soda at the rate of 200 pounds 
per acre may be preferable in other cases. The choice of the writer 
would be a complete fertilizer, consisting of nitrate of soda, acid phos- 
phate or bone meal, and muriate of potash. Such a fertilizer applied 
just at the time growth is starting would result in the best possible 
benefit from the nitrate. 


INJURY TO PLUM TREES. 


The Japanese plums have behaved essentially the same as the peach 
trees. The young wood is discolored in the same manner, while the 
bark remains alive on very many of the badly injured trees. Their 
treatment should be essentially the same as that of the peaches. The 
Domestica plums are very little hurt, being almost as hardy, in fact, as 
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the apples. Some injury was noted on the grapes. ‘Two-year vines 
which reached above the snow line were apparently killed in some 
cases, but no special study was made of the injury to the grapevines. 


INJURY TO NURSERY TREES. 


In the nurseries, peach trees were frozen down to the snow line so 
us to make that portion above the line without value. However, they 
are entirely unharmed below the snow line and should be treated as 
though they had been cut off at that point. Those who prefer a high 
head may object to planting such trees. The choice of the writer, 
however, is in favor of a low headed tree, and such trees will give 
excellent results even though they may not have more than six or 
eight inches of sound wood above the bud. The writer would not 
hesitate to plant them. Where the trees have less than six inches of 
wood, probably as good a way as any would be to allow only one sprout 
to grow and to train up a new tree from this sprout after planting in 
the orchard. Where the nursery trees are not dug and sold, they may 
be cut off an inch or so above the bud and a single sprout trained into 
a tree according to the usual methods of nurserymen. It will, of 
course, be desirable to withhold part of the cultivation on such trees 
to avoid their growing too large. 

The Japanese plum, as stated, has behaved essentially like the peach 
tree and should be treated in the same way. The apple is hardier than 
either of these fruits, and of the apple trees examined in the nursery only 
a few varieties seemed to be hurt sufficiently to cause their rejection. 
These frozen trees might be treated in the same way as the frozen 
peach trees—by cutting them off and allowing a new tree to grow from 
a bud. 

DAMAGE TO PEAR TREES. 


In the Hudson Valley the pear trees are very severely damaged. 
In many cases the pear orchards were placed, as is customary, on the 
lower, richer ground, which is naturally from its location more subject 
to intense cold. As farasa hasty examination went, the pear orchards 
seemed to be more severely hurt than the peach trees. At any rate, 
they were injured to about the same extent, and they have not by any 
means the same ability as the peach trees to outgrow the injury. 

Another factor which has entered into the problem in the case of 
pears is a severe attack of Psyl/a. A very unusual attack of this pest 
last season had greatly weakened the vitality of the trees, Most of 
the pear orchards examined were still crusted with the black fungus 
which grows on the honeydew secreted by the Psy//a. These Psylla- 
infested and weakened pear trees were in poor condition to resist the 
severe freeze. 
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Many handsome specimens 25 to 30 years old of Bartlett, Seekel, and 
other choice varieties were frozenoutright. Several fine orchards of 8 
or LO acres in extent which the writer examined were completely killed 
or practically so. Here again,as with the peaches, the difference of afew 
feet in elevation frequently made the difference of life or death to the 
trees. The young pear trees are rather less hurt than the older trees, 
as in the case of the peach, but it should be noted in this connection 
that young pear trees having the wood blackened, although they 
will push out their leaves and make a start, are very apt to decline or 
else maintain their life in a very feeble manner as a result of the dead 
wood at the heart. They have not the ability to recover by depos- 
iting a thrifty layer of sapwood. Pear trees under 3 or 4 years of age 
which are badly frozen and which show blackened or discolored wood, 
even though the bark may look normal from the outside and may 
appear to be alive and quite fresh when cut into, should be cut off 
below the snow line and allowed to sprout. All the sprouts that start 
may be permitted to grow the first year, and, if a tall head is preferred, 
they may be pinched back, except the one which is to form the new 
stem, when they have grown a foot or so. The foliage from these 
pinched shoots will help contribute to the life and vigor of the tree. In 
case of badly frozen bearing trees, where the tree is dead and the bark 
is discolored, of course they should be dug out, but where there is any 
vitality left in the bark it may be well to allow the trees to remain at 
least the first season until it can be determined to what extent they are 
injured. It takes several years to bring a pear tree into bearing—at 
leest two or three times as long as a peach tree—and one should there- 
fore be correspondingly cautious in cutting down pear trees. Unfor- 
tunately, the writer can not hold out the same chances for recovery in 
the case of the pear orchards that are possible with the peach trees, but 
still moderately frozen pear trees have recovered in Michigan, and 
afterwards, by pruning out the weakened limbs, pretty fair bearing 
tops of vigorous young wood have been secured. No severe pruning, 
however, should be attempted this season. 


IV.—THE CULTIVATION OF THE AUSTRALIAN WATTLE* 


By Davin G. Farrenitp, Agricultural Explorer, Seed and Plant Introduction and 
Distribution. 


The bark of the Australian black wattle tree (Acacia mollissima 
Willd.) has long been in use for tanning purposes. It does not give 
the leather as fine a bloom as the bark of the American oaks or the 
acorn cups of the valonia oak, but it tans more quickly and is in good 
demand for the common grades of leather. 

Formerly the supply of this tan bark came from the forests of Aus- 
tralia, but within the last five or six years the plantations of Natal 
have begun to supply a large proportion of the bark, and the writer 
was informed by residents of that colony that wattle growing is the 
most profitable plant industry in the country. 

A short stay in the region was not enough to put the writer in pos- 
session of all the ins and outs of this new culture, but the facts gath- 
ered during a visit to one of the largest and best managed estates in 
Natal may be of interest to Americans in Hawaii and elsewhere. 

Hon. G. M. Sutton, a member of the legislative council of the 
colony, is given the credit of first agitating the question of wattle 
growing, and as early as 1892 he wrote urging planters to sow the seed 
of this Australian tree and start forests of it for its tan bark. 


“This brief presentation of the culture of the wattle tree and the harvesting of the 
bark for tanning purposes will, it is hoped, again call the attention of American 
tanners to this possible source of tanning material. As Mr. Fairchild points out, 
considerable of this bark is already being produced in South Africa, and, although it 
is probable that few parts of the United States proper are sufficiently free from frost 
to make the culture of the wattle tree profitable, it is successfully grown in the 
Hawaiian Islands, where it is regarded as a promising industry. A tract of 5 acres 
of thirteen-year-old trees at the Hawaii Experiment Station has been under experi- 
ment for a number of years, and a bulletin describing the growth of the trees and 
the market value of the products is now in preparation. 

We are indebted to Mr. Barbour Lathrop for this paper, as the observations it con- 
tains, which were kindly placed at the disposal of the Department, were made by 
Mr. Fairchild during the last of Mr. Lathrop’s expeditions in search of valuable 
seeds and plants. 

A. J. Prerers, Botanist in Charge. 

OFFICE OF SEED AND PLANT INTRODUCTION AND DISTRIBUTION, 

Washington, D. C., June 25, 1904. 
21 
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It had been demonstrated previously that the wattle grew unusually 
well upon the hillsides in certain parts of the country, so that when 
the price of wattle bark rose to the unusual figure of £17 sterling 
per ton ($82.79), which rise is attributed to successive bad harvests of 
the valonia oak (Quercus egilops L.) in Greece and Asia Minor, it was 
not difficult to convince people that the experiment of its culture was 
worth making. 

The Town Hill plantation, which covers 2,400 acres of the hilly 
uplands near Pietermaritzburg (Pl. I, fig. 1), is one of the largest 
estates in the colony. It lies about 2,700 feet above sea level, and the 
dark green effect of its foliage on the landscape is almost as beautiful 
as that produced by the cryptomeria forests of Japan. 

The wattle-growing districts of Natal are scattered through the cen- 
tral part of the colony, especially along the railroad from Pietermar- 
itzburg to Greytown, and one of the most important shipping centers 
is Dalton. 

According to information given the writer by the assistant manager 
of the estate, the first plantings were made in 1892, and in the begin- 
ning profits were looked for only from the sale of the tan bark and 
firewood; but the poles which are left after the bark has been peeled 
from them have proved to be more desirable for mining props than 
those made from eucalyptus timber, and their sale adds very materi- 
ally to the net receipts of the culture. 

The starting of a forest of black wattles is a simple enough business 
operation. The virgin grass land of the rolling country is broken up 
about Christmas time and thoroughly harrowed. In February, rows 
12 feet apart are laid out and the seed is planted 6 feet apart in the 
rows and lightly covered with soil, when it is left to take care of itself. 
Indian corn, which is called *t mealies” in Natal, is sometimes sown In 
the 12-foot spaces between the rows of young wattle plants, and the 
constant stirring of the ground in cultivation is said to be of benefit to 
the young seedlings. 

No nursery seed beds are used and no laborious planting is neces- 
sary. The following March, which is autumn in Natal, the soil between 
the rows is plowed for the benefit of the roots of the young trees and 
to guard against ‘‘ grass fires,” or prairie fires, as they are called in 
America, which are common in the grassy uplands. 

In ten years from seed sowing the wattle trees are in their prime, but 
by the seventh year many individuals are large enough to be barked. 

At ten years of age on the Town Hill plantation, trees attain a 
diameter of 10 inches, but the rate of growth is largely influenced by 
the character of the soil and probably also by individual variations in 
the seed. 

The soil on which the Town Hill plantation is situated is a light red, 
friable loam, rich in iron, but considered poor in quality for cropping 
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purposes. A layer of gravel and sand overlies a clay subsoil two to 
three feet below the surface, and, though supplied with plenty of 
moisture, the situation is a well-drained one. The wattle roots are 
surface feeders, and the soil in which the moisture lies very deep, it is 
said, is not suitable for wattle culture. 

When an area of forest is old enough the harvesting of the bark is 
begun. This work can be carried on at all times of the year in Natal, 
for the bark peels easily inany season. Sixty indentured Indian coolies 
do all the manual labor on the Town Hill estate and are skillful enough 
to peel, dry, and cut the bark and to pack it in bags for export. 

It is interesting to watch the process of stripping off the bark, and 
one is surprised at the rapidity with which it is done. With a short- 
handled ax the coolie clears away the dead twigs and leaves at the base 
of the tree, cuts through the bark as close to the ground as _ possible, 
lifts a broad strip of it high enough to get hold of it with his hands, 
and, with a series of strong jerks, peels off a broad strip as long as the 
height from the ground to the first branches of the tree (PI. I, fig..2). 
Strip after strip is pulled from the trunk in this way until it stands as 
bare as a telegraph pole, save the tuft of branches at the top. The tree 
is then felled and the work of stripping completed on such parts as, 
lying between the branches, could not be peeled when it was standing. 

The fresh bark is thrown over poles to dry (PI. III, fig. 3), and the 
tree trunks are cut into 6 or 12 foot lengths for mining timber. 

A portable tramway, which is laid through the plantation (PI. IJ, 
fig. 3) to such places as are being stripped, carries the bark to the 
drying sheds (Pl. ILI, figs. 1 and 2), which are simple but ingenious 
galvanized-iron affairs, so arranged that each can shelter 6 tons of the 
fresh bark. The long strips of bark are hung over long poles, much 
as the macaroni makers of Italy hang their freshly made paste out to 
dry, and the ends of these poles are put through rings in two heavy 
chains that hang from two parallel elevated bars. A series of these 
poles loaded with bark is fitted to the rings a foot or two apart in the 
chains, and one by one they are put across the parallel bars with their 
ends resting upon them. 

In fair weather these poles, with their tan bark over them, remain 
hanging on the long bars, like miniature elevated railways, which 
extend from the sheds up the slope of the hillside. On the approach 
of rain a yoke of oxen is attached to the chain of poles by a wire rope, 
and, like shutting up the bellows of an accordion, these poles are 
drawn close together down the parallel bars into the shelter of the 
corrugated-iron roof. With the return of sunny weather the oxen 
again spread out the chain of poles. 

The value of the bark depends largely upon its color, and it is said 
that the sun-dried product is best. 
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Once dried, the bark is chopped into short chips, packed into sacks, 
and is then ready for export. 

From an acre of 10-year-old wattles 5 or 6 tons of bark can be 
taken, and at the present market prices in Natal, £6 12s. 6d. ($32.26) 
a ton, the gross receipts would be from $161.20 to $193.58 per acre. 
‘The cost of stripping, drying, and packing the bark amounts to £1 10s. 
($7.30) per ton. ‘Toarrive at the net earnings, to this cost of harvest- 
ing, etc., must be added the cost of ten years of care, with interest on 
the price of the virgin land, which was valued by the assistant manager 
of the estate at £1 5s. to £1 10s. per acre. 

To the proceeds from the sale of the bark must be added the revenue 
from the mining timbers, and, although the figures given can not be 
vouched for and will be no guide to anyone wishing to grow wattles in 
a country where only high-priced labor is obtainable, they support the 
opinion that the wattle industry pays handsomely in Natal and explain 
why new plantations are being put in. 

A wattle forest replants itself. If one walks through the shady 
avenues between the rows of fully grown trees in February (Pl. U, 
fig. 1) the thousands of seed pods that are scattered over the carpet of 
dead leaves crackle under his feet, and he is prepared to understand 
the rapidity with which an area once cleared of trees grows up again. 

On a field which had been cleared of wattles two and one-half 
months before, countless seedlings were springing up and some of 
them were already more than a foot and a half high. These naturally 
sown seedlings are allowed to grow until they form a thick mass 
covering the field, when they are thinned out most severely, and only 
rows 12 feet apart are left standing. 

Although there may be some reproduction by sprouts from the 
stumps of the felled trees, the writer was informed that these sprouts 
were not counted on as important in the re-formation of the forest. 

In fifteen months these somewhat irregular rows of trees are 18 feet 
high and present an appearance such as is shown in Plate I, figure 2. 
In four years from the time that the old forest is cut down, these rows 
of seedlings will have grown to sucha height that they will require 
thinning out, and among the trees cut out in this process there are 
many which yield a fair quantity of bark. 

Although at first thought this habit of natural seeding might seem 
a great advantage, it is said, on the contrary, that the cost of thinning 
out the seedlings is greater than the expense of planting a fresh 
plantation. 

The greatest enemy of the wattle grower is the ‘* grass fire.” From 
the surrounding prairie such fires spread into the plantations and 
destroy them. To prevent this, nearly 50 miles of fire breaks made 
by plowing broad strips of prairie have been constructed about the 
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Fia. 1.—-VIEW OF THE GRASSY UPLANDS OF NATAL WHERE WATTLES ARE GROWN. 


FIG. 2.—YOUNG WATTLE PLANTATION, SELF-SOWN, FIFTEEN MONTHS OLD. 
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Fic. 3.—FRESHLY STRIPPED BARK HUNG UP TO DRY ON THE EDGE OF A CLEARING. 
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forests, and the expense of this adds materially to the original cost of 
establishing a wattle estate. 

Two insect enemies of the wattle are a bagworm, which destroys 
great quantities of foliage and checks the growth of the trees, and the 
more destructive locust, which has retarded for over a year the growth 
of the trees on the Town Hill plantation. The former insects are col- 
lected and burned, and the plague of locusts is prevented by spreading 
about their breeding places poisoned molasses for the young to feed 
upon. A special locust expert is employed by the Natal government, 
and with his corps of laborers he poisons all the principal breeding 
places of the pest. 

An industry which pays so well in the new country of Natal, and 
does not require a large amount of hand labor, sixty men being sufli- 
cient for 2,400 acres, is worthy of the attention of American cultivators. 
The climatic conditions seem favorable in Hawaii, but whether they 
are as favorable as they are in Natal, where it is claimed that the spe- 
cies grows more luxuriantly than in its native land, may be a question. 
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V—LEGAL AND CUSTOMARY WEIGHTS PER BUSHEL 
1) le) 0 a9 Dt 


By Epaar Brown, Botanist in Charge of Seed Laboratory, Botanical Investigations and 
Experiments. 


INTRODUCTION. 


While the selling of seeds by the measured bushel has largely dis- 
appeared in the trade, the weight per bushel still has an important 
value in determining grade, especially in grass seeds, which vary greatly 
in quality. Redtop seed weighing 10 pounds per bushel is composed 
largely of chaff and contains a very small percentage of good seed, 
while fancy seed, containing from 85 to 95 per cent of pure seed, 
weighs from 35 to 40 pounds per bushel. Similar variations in weight 
exist in connection with the handling of other common grass seeds, 
such as bluegrass, orchard grass, brome-grass, rye-grass, and the 
fescues. The weights per bushel of grains do not vary as much as do 
those of grass seeds, but nevertheless the weight per bushel is an 
important factor to be considered in grading. 


LEGAL WEIGHTS PER BUSHEL. 


The weights per bushel for all seeds for which weights per bushel 
have been established by laware given in Table I. These have been 
taken from the latest statutes and have been verified by the secretary 
of state of each State. In several instances the legal weights are 
obviously misleading and should be changed. There is evidently an 
error in the Louisiana statute which gives the weight for both barley 


“The varying use in weights of our common field and garden seeds in different 
States must necessarily lead to confusion. It is hoped that a more widely dis- 
seminated knowledge of this varied usage, such as is pointed out in this paper, will 
tend to lessen the confusion and bring about greater uniformity. Furthermore, by 
calling attention to the present unsatisfactory conditions it may aid in preparing the 
way for the general introduction of the metric system now used in nearly all other 
civilized countries. 

Lyster H, Dewey, Acting Botanist. 

Orrice oF BoTANICAL INVESTIGATIONS AND EXPERIMENTS, 

Washington, D. C., September 7, 1904, 
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and rye as 32 pounds. The weights for buckwheat vary from 40 to 52 
pounds in different States. ‘The legal weights for oats should be made 
more nearly uniform. In Pennsylvania and West Virginia the legal 
weight is 32 pounds; in Virginia 380 pounds, and in Maryland 26 
pounds. The legal weight for Kentucky bluegrass and redtop in all 
States where a legal weight has been established is 14 pounds. This 
weight was established before the present methods of cleaning came 
into general use and while the seed was sold in the chaff. Cleaned 
seed of good grade weighs from two to three times as much, as 
recorded in detail in Table 1, and the legal weights should be changed 
accordingly. 
CUSTOMARY WEIGHTS PER BUSHEL. 


In numerous instances the customary weights per bushel of seeds 
used by the trade are not the same as the legal weights. The boards 
of trade and chambers of commerce in the principal cities have 
reported the customary weights used by them, and where these differ 
from the legal weights they are given in the footnotes to Table I. 

Seedsmen handle a large number of grass and forage plant as well 
as other seeds, for few of which legal weights per bushel have been 
established. Table I] shows the customary weights per bushel used 
for these seeds by representative seedsmen in the different States. In 
most instances two weights are given, indicating the differences in 
quality recognized in the trade. Well-cleaned seed of good quality 
will weigh approximately as much as the higher weight given. 


WEIGHTS PER BUSHEL OF SEEDS. 
TasLe 1.—Legal weights per bushel of seeds. 


Field crops. 
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TasBLe |.— Legal weights per bushel of seeds—Continued. 


Grass and forage plants. 
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Tasie 1.—Legal weights per bushel of seeds—Concluded, 
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Miscellaneous. 


Osage orange. 
Indian wheat. 


| Castor beans. 


| Apple seed. 
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| Chestnuts. 
Hickory nuts. 


| Walnuts. 
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a The Little Rock Board of Trade uses the legal weights per bushel for the State of Arkansas. 
bThe Merchants’ Exchange of San Francisco uses the legal weight per bushel for the State of 


California for wheat. 
below: 
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It also uses the following weights per bushel for the commodities named 


Oats: Pounds 
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eThe Denver Chamber of Commerce and Board of Trade uses the legal weights per bushel for the 


State of Colorado, except for buckwheat, 
modities named below: 


Pounds. 
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It also uses the following weights per bushel for the com- 


Pounds. 
Meadow fescue (English bluegrass) ........- 24 
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@The Columbus Board of Trade uses the legal weights per bushel for the State of Georgia. 
e The Chicago Board of Trade uses the legal weights per bushel for the State of Illinois. 
*¢ The Peoria Board of Trade uses the legal weights per bushel for the State of Illinois. 


gThe Indianapolis Board of Trade uses the legal weights per bushel for the State of Indiana. It 
also uses 56 pounds as the weight per bushel for shelled pop corn. 


hThe Louisville Board of Trade uses the legal weights per bushel for the State of Kentucky, except 
for barley, for which it uses the weight per bushel of 48 pounds. 


i The New Orleans Board of Trade uses the legal weights per bushel for the State of Louisiana for 


wheat, shelled corn, and oats. 
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CON ad oes ae ae on eres Sipe 60 
Ly OE Sunt tS Se aR ie ae a a ee 56 
12 OUT eed ep AR RSE a Ae iS eee eee 44 
PECIVICIO SIRS OVRSE eee. nn wane Soares cans 48 
Saat AIONTEE Soe aes as So wn Gay mewn wes Se 25 
1 ATES hac: Eee Se eee 25 
MGnENORY PIUOMTGRR 65-- cae c~ in sm av nen 14 
Meadow fescue (English bluegrass) ........-.- 15 


It also uses the following weights per bushel for the commodities 


Pounds. 

Meadow Oat-@rassS........cacsssscccmes seus 14 
Millet: 

G@FIMMAD ....6. 5 wane ange cw Oren 50 

Ttalian..2..o.+-sncsesveas cee tee 50 
Mustard . «22... .<'scnu mece cons saalaceleieeia eae 58 
Orchard @rass:. .- <<<. ass onan cae 14 
Osage OFANEC. «. s.. <csncacee «onc se cake nee 33 
Peas, English: 

Smooth -....< .<. dene cee enous a en eee 60 

Wrinktled (2.2 oo oe oe , ae 56 
Radish... 5.2... occu neececaeen sat one 50 
RRODG. «ic one Sein eup ss a= mine ote ns er 50 
ReSCUe STASS. «5 oa cee ce en nies sss Sen eee 14 
RY@  «< os Wacu ce tue wn neee eee ae ae te 56 
Rye-grass: 

English... 3... -ccnnenncentcess oe eee 20 

Italian - « ..s.occceceaec ser ee eee 20 
Sorghum... 2... <adases sece-ianacee an ote eee ee 50 
Sunflower, Russian ...-..-..<.40-=..ss<sen eee 24 
Teosinte .<--.--so0+ can ccmcls ceca a toa eee 59 
Timothy: .c 2.62 aise. cee eee lee a eee 45 
TURNIP! «ono ee wenn ocean es psn §8 
Vetols 2.0 c0d5 oe com Somnus sew oo/a'e ete aie eee 60 


j The Baltimore Chamber of Commerce uses the following weights per bushel for the commodities 


named below: 


Pounds. 
| OTD CY SR ee Oe CR SE 48 
1 OST ee A ae ee EE ee ee ere Oa 62 
Maas (MtANO)  - ida oc wate ede tee eens 60 
VOPR RR eg eins oe nane na ae ae oe oe 14 
MHnewwhenh.\.. i. - 2 oss so ake owes etna 48 
CECT ee SR eee SRR Ie Peay Ae in SR 60 
Corn | 
CODY 82 so cun Sats a tae eee ee a ere 70 
SCI CS SaaS eee eee oe ee 56 
ar ie eae a ee ee ak ea ata eee 56 
12S Tee SR Se Se Re es een eee Rete tbat 44 
LO ON ET CS a Se A 48 
Millet: 
TTT C11 Ean ae ai ee A ae ee 50 
ECT AT BAe ar ee epee ee si aS eee a ee 50 


OTS coh. oe wx ec cioma are Soe eed 32 
Oats (State)......<.. 05 <2 s2 anes sa. n0o eee 26 
Orchard ST aes. ..2 <= «acsn<sisincon~ 5c ee 14 
Peanuts: 
African... cseca.0ics maces eae eee 32 
Virginie. ¢ os casa sac oo aee eee 22 
Wilmineton:.... s<2..ws-s acaccncene eee 28 
ONS So Sosa sicnasst wom ane mie siete] ace mS i alent ae 60 
Peas (State)... s<esxc~sisacneeuin an eta ene 56 
Redtop: 
Gav’... &.<5.. 20 soehichenincaie, ae 14 
ROMY. -scnccacncmeeccsensc=tewee eee 32 
RVG 225 n 5 Conk od Su cadena Sade ncn aane eee 56 
TTHMOERY « as bio n ~ pone whoo nissan 45 
WHORE. <o5 5 eds Oat ee 60 


kThe Boston Chamber of Commerce uses the legal weights per bushel for the State of Massa- 


chusetts. 


lThe Duluth Board of Trade uses the legal weights per bushel for the State of Minnesota. It also 
uses the following weights per bushel for the commodities named below: 


Pounds. | 
56 | 


Pounds. 


Macaroni (durum) wheat 


m The Minneapolis Chamber of Commerce uses the legal weights per bushel for the State of Minne- 
sota, except for barley, for which it uses the weight per bushel of 50 pounds. 


nThe Meridian Board of Trade uses 33} pounds as the weight per bushel for cotton seed. 


oThe Merchants’ Exchange of St. Louis uses the legal weights per bushel for the State of Missouri 
and also uses the following weights per bushel for the commodities named, below: 


Pounds. | 
NO ee ee Bee ee ee 50 
Peanuts, dry southern 22 


Pounds. 
Walnuts 


WEIGHTS PER BUSHEL OF SEEDS. 33 


p The Omaha Board of Trade uses the legal weights per bushel for the State of Nebraska, except for 
sorghum, for which it uses the weight per bushel of 50 pounds. 


a The Buffalo Merchants’ Exchange uses the legal weights per bushel for the State of New York. 


r The New York Produce Exchange uses the legal weights per bushel for the State of New York» 
except for flax. It also uses the following weights per bushel for the commodities named below: 


Pounds. Pounds. 
POL OTREE cad hae abs wWed'ecs'ss ved s's\c cegd als ee. Ta CORONAL NOCL DUS By aie eiudie oiccaces oi mtciarenctcieiess\pivta ett ehales ole 14 
OER eve tot Le ona we eink sia’ bmn wo mialéw vice alatolg Sat RPO MLAS ERECELG Oeity ah diets 2, soo uci Stas ule vidteie wink weime SOS Bee 14 


s The Cincinnati Chamber of Commerce and Merchants’ Exchange uses the legal weights ne 
bushel for the State of Ohio, except for Hungarian grass, for which it uses the weight per bushel of 
48 pounds. 


¢ The Cleveland Chamber of Commerce uses the legal weights per bushel for the State of Ohio, 
except for pop corn, in ear, for which it uses the weight per bushel of 40 pounds. 


u The Columbus Board of Trade uses the legal weights per bushel for the State of Ohio. It also 
uses the following weights per bushel for the commodities named below: 


Pounds. | Pounds, 
PEL ees cee ct ee peice tbe clawe vie Dctenmomnete gee ae he | RRP RLORATIC Ge tease scl ielsc wu Sud suleecle s dis Al's. 33 
PR EQOT ere wa candh tee com Gucc oo Seu SAAN PN CATR DES va Pate coed ate: Sian went ole uld-o a seine wp Bila a aiovoratele 24 
MMTV INGE te aoe Sen ogee oo oie ow nic eink mrmeeenee CUM ECAMIETMINC cone. sabe oaera tet 3. Sos neie 56 
OME CM ere ee en hee an 2 cE kia wrcle uO ctoler eRe eee SOP ROA AW TLL OO creas nninicis nic aie balaphe wee wid ba 56 
REAM CANIS cca tn ce cdots vss tciatini cjeisinte ofa ote AGEL OCA) Deere sce ee ceteris sec st wet oe nate pin ALA: 
EN IRCLO VO Iu cur: pete costes care cae a mina. wnhingem ay OM SOUP UINULIIN Ge igs Se cist teat ecole la cla ee aialecatans ae ae 50 
PAS TREC UMMA erate 2 wile tla: Hie viaicale c ecameeinree mab Rink Di pe eCeley CUM Mt OTHAS cuca). > o cicisisib alow sib ace oars 10 
MIEGUO We LORD cc occ pce ciccex cesses ARR sen eres et 2D) ie LaLMMeCAGOW ORL-PTASS <<<. coc. 2c cts oe ncielos nels o 12 
RORCMOT UEP TORN ies BCS eo once noe Saelc oe ckee baie kgs Pie OOG MMCAaMOWPTaSss 2 ssa... Jara aware eee 14 


v The Philadelphia Produce Exchange uses the legal weights per bushel for the State of Pennsyl- 
vania, except for barley, for which it uses the weight per bushel of 48 pounds. 


w The Columbia Chamber of Commerce uses the weight per bushel of 45 pounds for Sea Island 
cotton seed. 


x The Galveston Cotton Exchange uses the legal weights per bushel for the State of Texas. 
y The Fort Worth Board of Trade uses the legal weights per bushel for the State of Texas. 
2 The Richmond Grain and Cotton Exchange uses the weight per bushel of 32 pounds for oats. 


aa The Seattle Chamber of Commerce uses the legal weights per bushel for the State of Wash- 
ington. 


bb The Milwaukee Chamber of Commerce uses the legal weights per bushel for the State of Wis- 
econsin. For corn, on cob, it also uses the weight per bushel of 75 pounds from harvest to January 1 
and 70 pounds after January 1. 


ce No legal weights. 

dd ‘* From harvest until December 1, 70 pounds; after December 1, 68 pounds.”’ 

ee ‘* From November 1 to May 1, 70 pounds; from May 1 to November 1, 68 pounds.”’ 
ff “Small white beans, 60 pounds; other beans, 55 pounds.”’ 

gg ‘‘ White beans.” 

hh ‘German, Tennessee, and Missouri millet.”’ 
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TaBie Il.—Seedsmen’s customary weights per bushel of seeds. 


Kind of seed. 


POD” kg RD aay ee ee a 
A OMAN ek te 
Bent grass: 
TE ie ee eae 
SS OES a ee 
DINE OF ONE. oe ss ac conte edes 
Bird’ s-TOOt Glover... ..scecccccceccsesucs 
po Ee) a eee eae 2 epee 
Bluegrass: 
Vi ee on ee age 
OTS hoe oc soe oe reno cas oad 
pop st). ja? ake Re ane eee 8) ohh A 
ee ines Senos aes 
Ta yp) Cae ae i 
by Wop | ee le, Ae oa an A 
Bur clover: 
12 TVET ee es 8 2S Es ee iia ee 
OVA TDC aS ee a aoe 
BUNIEROR Gok eos sens cat ne wecennenSn 
ROTM CMR S ne ee 
Clover: 


UMass cada sb ices stuwane sees 
Meariyneyen, f22<, oes Soaeac wee 


Cowpea’....-..- vndeeaincierssesveubecs 
Crested dowm's- tal); occ seca ss caneess 
Fescue: 


Hemp 
Japan clover: 

101 CS OR PE aE ae eine ps reget 

Minne 2352s eee: ae ose 
SUPNTU MEME IRYRRS ow hea s wanted 
EUG OPIN abs cai haan iene ue 5 ce 
RRR e er ee ena ee aa 
ERVIN. WRIO Wn ernie = a sis cena saccsnns 
Moadow 1oxtall 52.26 sve sce wcensacca 
Meadow grass: 

Fowl 

Roueh-stalked. oo... << ceca ens 


Pounds 
| per bushel. 


60 
45-60 


10-20 

10-15 

24-36 
60 
60 


14-20 
14-30 
14 
50-60 
10-14 
45-60 


a = Pounds 
Kind of seed. per bushel, 
Meadow grass—continued, 
WO0G « vancadevswvereesssn lee 14-24 

Millet: 

Barnyard. .<..<sceesus. eee 30-60 

BYOON GON). .idesscavavacesauuieen 45-60 

Common “os 25 cae ee ee 48-50 

GOFMDGD. ccc co wawccvosk cee oncene. 48-50 

Golden Wonder ..2.20ess2s5565e 48-50 

Hungarian 2 of 32: ooo oe 48-50 

P@GFl ssveunncnnnes  uhass cee 48-56 
Milo maize. ides o ees noes a ee eee 50-60 
Oat-grass: 

fi | ee ea eee eee te A 10-14 

Yellow. siccecoeteee esse eee 7-14 
Orange CAUG. <. 5. ecvcnben vere aceeeeeee 45-60 
Orchard erase: =... .-2ccee een ees eee eee 10-18 
Pea: 

Bield. occ se Sede ee 60 

Garden: emooth’=. 5.4. ute secon 60 

Garden: wrinkled ....2<.2.s<ssss% 56 
Poanut . «2.2... svacdneuccereen ea ae 20-30 
Rane, WIMtEr oo. .saenencesunes coats 50-60 
Redtop: 

Ghall . once aeiaee ose 10-14 

BPADCY 2 shcwdoncnenenne tees 25-40 
RESCUC STARS: oe os Jana seee eae eee 12-28 
BlCG 505k es eaten ee 43-45 
Rye-grass: 

Bmglish:...cccscecetesueen ene eee 10-30 

Trodteny 63 oon ack ae oe eee 14-25 
Sainwain’...222<2 s< cee cas cee te waren eee 14-32 
Perradells .u..2 505. sense eae oe eee 28-36 
SOWDERN wo8..o5 ks oa cata ee eee 58-60 
Speltarr: . 0c. ciea. wane cde wace mene wae 40-60 
Sunflower |. 5s anesce<wass Sones see enee 24-50 
Sweet clover: 

PUG: 208 cao aeicicoa os eee ane t eeetene 60 

Unhulled:: <-. 3223 2-27 ee 33 
Sweet corn (according to variety).... 36-56 
Sweet vernal, perennial............-. 6-15 
TPeoninte =... 6s so ees eee ee 40-60 
TIMOUNY 223%. 2k on ce ec den aoe eee ee 45 
Velvet Deam .275.i4 4022-2 eee 60 
Vetch: 

FIAT Y 2335 sie acne meso see oe eee 50-60 

SOrINg. 355 coe aus seen s eee 60 
Water: grass large ’......2.. s.cee ee eee 14 
Wild’ nice... <2... cardnacae see 15-28 
Yellow trefoll ..-:.<i<s2..¢-2+- een ee 60 


B. P. 1.—128. B. I. E.—60, 
V Oe NLS RAL ?° 


By Avice HENKEL, Assistant, and G. Frep Kiuan, Scientific Assistant, Drug and Medic- 
inal Plant Investigations, Botanical Investigations and Experiments. 


HISTORY. 


As in the case of many other native medicinal plants, the early 
settlers learned of the virtues of golden seal through the American 
Indians, who used the root as a medicine and the yellow juice as a 
stain for their faces and a dye for their clothing. 

The Indians regarded golden seal as a specific for sore and inflamed 
eyes, and it was a very popular remedy with the pioneers of Ohio and 
Kentucky for this affection and also for sore mouth, the root being 
chewed for the relief of the last-named trouble. In the herbarium 
collected by Captains Lewis and Clark on their expedition to the 
source of the Missouri and across the country to the Pacific coast, a 
specimen of golden seal collected May 24, 1804, bears some notes in 
the handwriting of Captain Lewis concerning the use of this plant in 
** Kentucky and many other parts of the western country.” He states 
that it is said to be a sovereign remedy for sore eyes, describing the 
nature of this disorder and giving also the method of preparing and 
applying this remedy. He states, further, that it makes an ‘‘ excellent 
mouth water.” 


information about the plant, its identification, geographical distribution, the condi- 
tions under which it grows, methods of collecting and preparing the rhizomes, 
relations of supply and demand, and the possibilities of its cultivation. This paper, 
with the exception of the part relating to cultivation, was prepared (under the 
direction of Dr. Rodney H. True, Physiologist in Charge of Drug and Medicinal 
Plant Investigations) by Miss Alice Henkel, Assistant in Drug and Medicinal Plant 
Investigations; and Mr. G. Fred Klugh, Scientific Assistant in the same office, in 
charge of cultural experiments in the Testing Gardens, furnished the part treating 
of the cultivation of this plant. In the preparation of this paper, which was under- 
taken to meet the demand for information relative to golden seal, now fast disap- 
pearing from our forests, many facts have been obtained from Lloyds’ Drugs and 
Medicines of North America. 
Lysrer H. Dewey, Acting botanist. 
OrricE or BoraANICAL INVESTIGATIONS AND EXPERIMENTS, 
Washington, D. C., September 7, 1904. 
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Barton, in liis ‘*Collections for an Essay towards a Materia Medica 
of the United States,” 1804, speaks of the use of a spirituous infusion 
of the root of golden seal as a tonic bitters in the western part of Penn- 
sylvania, and of the employment of an infusion of the root in cold 
water as a wash for inflammation of the eyes. 

According to Dr. C. 8. Rafinesque, in his Medical Flora in 1828, 
the Indians also employed the juice or infusion for many ** external 
complaints, as a topical tonic,” and that **some Indians employ it as a 
diuretic, stimulant, and escharotic, using the powder for blistering 
andthe infusion for the dropsy.” He states further that ‘internally 
it is used as a bitter tonic, in infusion or tincture, in disorders of the 
stomach, the liver,” ete. 

It was not until a demand was created for golden seal by the eclectic 
school of practitioners, about 1847, that it became an article of com- 
merece, and in 1860 the root was made official in the Pharmacopeeia of 
the United States, which place it has held to the present day. 


HABITAT AND RANGE. 


Golden seal occurs in patches in high open woods where there is 
plenty of leaf mold, and usually on hillsides or bluffs affording natural 
drainage, but it is not found in very moist or swampy situations, in 
prairie land, or in sterile soil. It is native from southern New York 
to Minnesota and western Ontario, south to Georgia and Missouri, 
ascending to an altitude of 2,500 feet in Virginia. It is now becoming 
scarce throughout its range. Not all of this region, however, pro- 
duced golden seal in abundance. Ohio, Indiana, Kentucky, and West 
Virginia have been the greatest golden-seal producing States, while 
in some localities in southern Illinois, southern Missouri, northern 
Arkansas, and central and western Tennessee the plant, though com- 
mon, could not be said to be sufficiently plentiful to furnish any large 
amount of the root. In other portions of its range it is sparingly 
distributed. 

COMMON NAMES. 


Many common names have been applied to this plant in different 
localities, most of them bearing some reference to the characteristic 
yellow color of the root, such as yellowroot, yellow puccoon, orange- 
root, yellow paint, yellow Indian paint, Indian paint, golden root, 
Indian dye, cureuma, wild curcuma, Ohio curcuma, wild turmeric, 
Indian turmeric, jaundice root, and yellow eye; other names are eye- 
balm, eyeroot, and ground raspberry. Yellowroot, a popular name 
for it, is misleading, as it has been applied to other plants also, namely, 
to goldthread, false bittersweet, twinleaf, and the yellowwood. The 
name golden seal, derived from its yellow color and the seal-like scars 
on the root, has been, however, generally adopted. 


GOLDEN SEAL. 87 
DESCRIPTION OF THE PLANT. 


Golden seal (/Zydrast/s canadensis L.) belongs to the same family as 
the buttercup, namely, the crowfoot family (Ranunculace). It is a 
perennial plant, and the thick yellow rootstock sends up an erect, 
hairy stem about a foot in height, around the base of which are two 
or three yellowish scales. The stems as they emerge from the ground 
are bent over, the tops still remaining under ground, and sometimes 
the stems show some distance above the surface before the tops are 
brought out from the soil. The yellow color of the roots and scales 
extends partly up the stem so far as it is covered by soil, while the 
portion of the stem above ground has a purplish color. Golden seal 
has only two leaves (rarely three), the stem bearing these seeming to 
fork at the top, one branch supporting a large leaf and the other a 
smaller one and a.flower. Occasionally there is a third leaf, much 
smaller than the other two and stemless. The leaves are prominently 
veined on the lower surface, and are palmately 5 to 9 lobed, the lobes 
broad, acute, sharply and unequally toothed. The leaves are only 
partially developed at flowering time and are very much wrinkled, 
but they continue to expand until they are from 6 to 8 inches in 
diameter, becoming thinner in texture and smoother. The upper leaf 
subtends or incloses the flower bud. (PI. LV, fig. 1.) 

Early in spring, about April or May, the flower appears, but few 
ever see it, as it lasts only five or six days. It is greenish-white, 
less than half an inch in diameter, and has no petals, but instead three 
small petal-like sepals, which fall away as soon as the flower expands, 
leaving only the stamens—as many as 40 or 50—in the center of 
which are about a dozen pistils, which finally develop into a round, 
fleshy, berry-like head. The fruit ripens in July or August, turning 
a bright red and resembling a large raspberry, whence the common 
name ground raspberry is derived. Each fruit contains from 10 to 20 
small, black, shining, hard seeds. (Pl. IV, fig. 2.) 

If the season has been moist, the plant sometimes persists to the 
beginning of winter, but if it has been a dry season it dies down soon 
after the fruit is ripe, so that by the end of September no trace of the 
plant remains above ground. In a patch of golden seal there are 
always many sterile stems, simple and erect, bearing a solitary leaf at 
the apex, but no flower. 

Mr. Homer Bowers,’ of New Ross, Ind., who propagated golden 
seal from the seed for the purpose of studying its germination and 
growth, states that the plant grown from naturally sown seed often 
escapes observation during the first year of its existence owing to the 
fact that in this entire period nothing but two round seed leaves are 


«A Contribution to the Life History of Hydrastis Canadensis, Bot. Gaz., 16:73-82, 
1891. 
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produced (fig. 2), and at this stage the plant does not look materially 
different from other young seedlings. During its second year from 
seed one basal leaf is sent up (fig. 3), followed in the third year by 
another smaller leaf and the flower. 


DESCRIPTION OF THE RHIZOME, OR ROOTSTOCK. 


The rhizome (rootstock) and rootlets of golden seal, or hydrastis, as 
it is also known in the drug trade, are the parts employed in medicine. 
The full-grown rhizome, when fresh, is of a bright yellow color both 
internally and externally, about 14 to 24 inches in length and from 
one-fourth to three-fourths of an inch in thickness. Fibrous yellow 


Fig.2.—Golden seal 
seedling at the end 
of the first season’s Fic. 3.—Golden seal, second Fig. 4.—Rhizome, or _ root- 
growth. year from the seed. stock, of golden seal. 


rootlets are produced from the sides of the rhizome. (Fig. +.) The 
fresh rhizome contains a large amount of yellow juice, and gives off 
a rank, nauseating odor. When dry the rhizome measures from 1 
to 2 inches in length and from one-eighth to one-third of an inch in 
diameter. It is crooked, knotty, wrinkled, of a dull brown color out- 
side, and breaks with a clean, short, resinous fracture, showing a 
lemon-yellow color if the root is not old. If the dried root is kept for 
a long time it will be greenish yellow or brown internally, and becomes 
inferior in quality. On the upper surface of the rhizome are several 
depressions, left by former annual stems, which resemble the imprint 
of a seal; hence the name golden seal. The fibrous rootlets become 
very wiry and brittle in drying, breaking off readily and leaving only 
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small protuberances, so that the root as found in commerce is some- 
times almost bare. The dried rhizome also has a peculiar, somewhat 
narcotic, disagreeable odor, but not so pronounced as in the fresh mate- 
rial; an exceedingly bitter taste; and a persistent acridity which causes 
an abundant flow of saliva when the rhizome is chewed. The most 
important constituents of the rhizome are the three alkaloids—hydras- 
tin, berberin, and canadin. It contains also starch, albuminous mat- 
ter, resin, sugar, fatty matter, and inorganic salts. 

Hydrastis acts chiefly upon the mucous membranes and glandular 
system, and to some extent upon the nervous system. It is a valuable 
drug in disordered conditions of the digestive organs and in catarrhal 
affections of any of the mucous membranes when unaccompanied with 
acute inflammation. Inthe various diseases of the mucous membranes 
it isadministered both internally and locally. Hydrastis imparts its 
properties to water, glycerin, or alcohol. 


COLLECTION AND PREPARATION OF THE ROOT. 


The root should be collected in autumn after the plants have matured 
seed. Spring-dug root shrinks far more in drying and always com- 
mands a lower price than the fall-dug root. After the roots are 
removed from the earth they should be carefully freed from soil and 
all foreign particles. They should then be sorted, and small, unde- 
veloped roots and broken pieces may be laid aside for replanting. 
After the roots have been cleaned and sorted they are ready to be dried 
or cured. Great care and judgment are necessary in drying the roots. 
It is absolutely necessary that they should be perfectly dry before 
packing and storing, as the presence of moisture induces the develop- 
ment of molds and mildews, and of course renders them worthless. 
The roots are dried by exposure to the air, being spread out in thin 
layers on drying frames or upon a large, clean, dry floor. They 
should be turned several times during the day, repeating this day after 
day until the roots are thoroughly dried. If dried out of doors they 
should be placed under cover upon indication of rain and at night, so 
that they may not be injured by dew. After the roots are thoroughly 
dried they may be packed as tightly as possible in dry sacks or barrels, 
and they are then ready for shipment. 


DIMINUTION OF SUPPLY. 


Although, perhaps, in some secluded localities golden seal may still 
be found rather abundantly, the supply is rapidly diminishing, and 
there is a growing scarcity of the plant throughout its range. With 
the advance of civilization and increase in population came a growing 
demand for many of our native medicinal plants and a corresponding 
decrease in the sources of supply. As the rich forest lands of the 


40 MISCELLANEOUS PAPERS. 


Ohio Valley and elsewhere were required for the needs of the early 
settlers they were cleared of timber and cultivated, and the golden 
seal, deprived of the shelter and protection necessary to its existence, 
eradually disappeared, as it will not thrive on land that is cultivated. 
Where it was not destroyed inthis manner the root diggers, diligently 
plying their vocation, did their share toward exterminating this useful 
little plant, which they collected, regardless of the season, either before 
the plants had made much growth in spring or before the seeds had ma 
tured and been disseminated, thus destroying all means of propagation. 
The demand for the root appears to be increasing, and the time seems 
to be not far distant when this plant will have become practically 
exterminated, so far as the drug supply is concerned. The cultivation 
of golden seal seems now to have become a necessity in order to meet 
the demand and save the plant from extinction. Prior to 1900 there 
seemed to be no one, so far as the Department of Agriculture could 
ascertain, who had ever attempted the cultivation of golden seal for 
the market. From that time on, many inquiries were directed to the 
Department by persons who were quick to note the upward tendency 
of prices for golden seal, and there are now several growers in different 
parts of the country who have undertaken the cultivation of golden 
seal on a commercial scale. 


CULTIVATION. 


The United States Department of Agriculture has been carrying on 
experiments in the cultivation of golden seal on a small seale at Wash- 
ington, D. C., since the spring of 1899, in the hope that methods 
might be worked out according to which this valuable wild drug plant 
could be grown on a commercial scale. In these experiments the aim 
has been to imitate the natural conditions of growth as closely as 
possible. The results that have thus far been obtained, while not as 
complete in some respects as would be desirable, seem to justify the 
conclusion that golden seal can be successfully cultivated. The meth- 
ods of operation described apply to the conditions at Washington, 
and the treatment may need to be somewhat moditied under other con- 
ditions of soil and climate. 


NECESSARY SOIL CONDITIONS. 


The soil conditions should imitate as closely as possible those seen 
in thrifty deciduous forests. The soil should contain an ample supply 
of humus, well worked into the ground, to secure the lightness and 
moisture-retaining property of forest soils. The best form of humus 
is probably leaf mold, but good results may be obtained by mulching 
in the autumn or early winter with leaves, straw, stable manure, or 
similar materials. After the soil has been prepared and planted, it is 
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well to add a mulch in the fall asa partial protection to the roots during 
the winter, and the decay of this material adds to the value of the soil 
by the time the plants appear in the spring. The forest conditions 
are thus imitated by the annual addition of vegetable matter to the 
soil, which by its gradual decay accumulates an increasing depth of a 
soil rich in materials adapted to the feeding of the plants and to the 
preservation of proper physical conditions. The growth of weeds is 
also hindered to a considerable extent. If sufficient attention is given 
to the presence of this mulch, the nature of the underlying soil is of 
less importance than otherwise. In the case of clay the thorough 
incorporation of a large amount of decayed vegetable matter tends to 
give lightness to the otherwise heavy soil, facilitating aeration and 
drainage. Since the roots of the golden seal do not grow well in a 
wet soil, thorough drainage is necessary. A lighter, sandy soil is 
improved by the addition of humus, since its capacity to hold moisture 
is thereby increased and the degree of fertility is improved. The 
looser the soil, the easier it is to remove the roots in digging without 
breaking or injuring them. Before planting, the soil should be thor- 
oughly prepared to a depth of at least 6 or 8 inches, so as to secure 
good aeration and drainage. The good tilth thus secured will be in a 
degree preserved by the continued addition of a mulch. <A further 
advantage of a careful preparation is seen in a decrease in the amount 
of cultivation required later. 


FERTILIZERS. 


The fertilizers that may be used with profit in the growing of 
golden seal have not yet been determined, but it is probable that pot- 
ash and phosphates would increase the yield, especially if the soil is 
light. So far as is known, no preference can be given to any particu- 
lar compounds of either potash or phosphoric acid. Two hundred 
pounds of kainit, or 50 pounds of muriate of potash and from 200 to 
300 pounds of superphosphate per acre would in all probability prove 
useful. The nitrogen is supplied by the humus and need not be added 
- in concentrated form. 


ARTIFICIAL SHADE. 


Since the golden seal grows naturally in the woods, it must be pro- 
tected from the full light of the sun by artificial shade. That used in 
connection with the experiments of the Department was made of ordi- 
nary pine plastering lath nailed to a suitable frame elevated on posts. 
The posts were of cedar 84 feet long, set 24 feet in the ground in rows 
11 feet apart, and 16 feet distant from each other in the rows. Sup- 
ports 2 by +inches were set on cedar blocks 2 feet long sunk below 
the soil surface in the middle of the 16-foot spaces. Pine pieces 2 by 
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+ inches were nailed edgewise to the tops of the posts and supports. 
The posts were notched to receive the 2 by 4 inch sticks. Pieces 2 
by + inches were nailed across these at intervals of 4 feet. The laths 
were nailed to these, leaving spaces about an inch wide. 

This shade has been found to be satisfactory, as it is high enough 
above the ground to allow such work as is necessary in preparing and 
cultivating the land. If the lathing is extended 2 or 3 feet beyond the 
posts on the sunny sides, injury from the sun’s rays at the edges of 
the area will be prevented. The sides may be protected by portable 
board walls about 2 feet high set around the edges. Protection from 
injury by winds when the tops are large may be thus secured. ‘Too 
much dampness should be guarded against in the use of the board 
sides, since conditions might be developed favorable to the damping- 
off fungus and to aphides during the hot rainy periods. 

The cost of lath shade over a tenth of an acre, at Washington, was 
probably considerably greater than will be necessary in districts where 
lumber is cheaper. The lumber will probably cost from $500 to $700 
per acre, and the labor of the farm can be utilized at times when other 
work is not pressing. 


USE OF TREES AS SHADE. 


Trees may be used for shade, but this is in some ways to be regarded 
as unsatisfactory. When the shade produced is of the right density, 
the use of the moisture and raw food materials of the soil by the trees 
is an undesirable feature. 


ATTENTION REQUIRED. 


The cultivation of golden seal is simple. Having secured a deep, 
loose soil, rich in humus renewed annually by the application of anew 
mulch, the removal of weeds is the chief care. The soil, if properly 
prepared, will tend to maintain itself in good condition. The manner 
of treatment is very similar to that required by ginseng, which is also 
a plant of the moist woods.. If the ground is thoroughly prepared, 
beds are not absolutely necessary. The plants may be grown in rows 
1 foot apart and 6 inches apart in the rows. Beds may be thought by 
some to be more convenient, enabling the grower to remove the weeds 
and collect the seed more readily. If beds are used, they may be 
made from 4 to 8 feet wide, running the entire length of the shade, 
with walks from 18 inches to 2 feet wide between. Boards 6 or 8 
inches wide are-set-wp- around the sides of the beds, being held in place 
by stakes driven on each side of the boards in the center and at the 
ends. These beds are filled with prepared soil, and the plants are set 
8 inches apart each way. - 
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METHODS OF PROPAGATION, 


There are three possible ways of propagating the plant: (1) By seed; 
(2) by division of the rhizomes; (3) by means of small plants formed 
on the stronger fibrous roots (fig. 5). Thus far no success has been 
attained in growing golden seal from the seed. The second and third 
methods have given better results. 


EXPERIMENTS WITH SEEDS. 


Seeds just after ripening were planted 
in sandy soil mixed with well-rotted 
stable manure and mulched lightly with 
manure. Other lots were kept over win- 
ter ina dry condition and planted in the 
spring in potting soil in a greenhouse. 
No seedlings have appeared, but a long 
rest period may be demanded and the 
seed may yet germinate. 


EXPERIMENTS WITH DIVIDED RHIZOMES. 


In the spring of 1902, 40 plants were 
secured and planted under a shade of a 
temporary character, but the season was 
too far advanced to permit of much 
growth during that year. In 1903, proper 
shade was supplied, all other conditions 
were better, and the plants made a good 
growth. The crop was dug about the 
middle of November, 1903; the roots 
were weighed and divided. They were 
again planted, and in May, 1904, there 
were found to be 150 strong plants anda _ Fi. 5.—Plant formed from bud on 
: 4 nee fibrous root of golden seal. 
few smaller ones as a result of this divi- 
sion, an increase of 275 per cent. This method of propagation seems 
to be the most important and the other two of secondary importance. 
The processes are simple and no skill is needed. The plant dies down 
in late summer and the stem decays, leaving a scar in its place on the 
rhizome. Two or more buds are formed on the sides of the rhizome 
and these accumulate energy for growth the following spring. If the 
root is cut into as many pieces as there are buds, giving each plant a 
portion of the rhizome, some fibrous roots, and one or more buds, the 
number of the plants can be doubled. The roots are planted and 
mulched and the process is complete. The rains pack the soil around 
the roots and they are ready to grow when spring comes. ‘The proc- 
ess may be repeated every year and the number of roots increased 
indefinitely. 
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EXPERIMENTS WITH PLANTS FROM FIBROUS ROOTS, 


The stronger fibrous roots of the larger plants dug in the autumn of 
1903 were found to contain buds, which were formed from a few inches 
toa foot from the rhizome. (Pl. V.) Some were about half an inch 
long, but the majority of them were smaller. The larger ones need no 
special treatment and may be planted with the main crop. The smaller 
ones should be planted in boxes or beds of well-prepared soil at a dis- 
tance of about 3 inches apart, mulched with a thin coating of leaf mold, 
or similar material, and grown in shade until large enough to transplant 
to the shelter with the larger plants. They will probably require at 
least three years to reach their full development. If they could be 
left undisturbed in the beds where they are formed they would receive 
nourishment from the older rhizomes and perhaps grow faster, but 
it is probably best to divide the older roots every year where propaga- 
tion alone is desired, planting the smaller roots and the plants made 
by division of the rhizomes. The larger roots are marketed to more 
advantage than the smaller ones, so it is best to have the surplus con- 
sist of the larger roots. The frequent working of the soil allowed by 
this treatment will keep it in better condition than if left undisturbed 
for a longer period. 


YIELD OF ROOTS. 


- 


The yield from the small plat grown by the Department was 4 
pounds of green roots to an eighth of a square rod of soil, or 5,120 
pounds per acre. This, when dried, would give about 1,500 pounds 
of marketable roots. The conditions were not very good, the shade 
being too close to the plants, and the plants being set too far apart. 
The yield will probably be larger with the shade now in use. The 150 
roots obtained by dividing the above crop now occupy less than one- 
fourth of a square rod, and are set in rows 1 foot apart and 6 inches 
apart in the rows. 


TIME NECESSARY TO MATURE CROP. 


The number of years necessary to produce the largest crop has not 
been definitely determined, but the roots begin to decay after the 
fourth year, and the central and largest part of the root decays at the 
oldest scar, leaving two or more plants in place of the old one. No 
advantage can be gained by growing the plants more than three years, 
and probably very little by growing them more than two years. For 
propagation alone one year will give good results, while for maintain- 
ing a constant area and producing a crop, two or three years, depending 
upon the growth made, will give a good crop of large, marketable 
roots. 
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MARKET CONDITIONS. 


Golden seal is a root the price of which has fluctuated widely, because 
of the alternate oversupply and scarcity, manipulation of the market, 
lack of demand, or other influences. High prices will cause the dig- 
gers to gather the root in abundance, thus overstocking the market, 
whic h the next season results in lower prices, at which diggers refuse 
to collect the root, thus again causing a shortage in the supply. Lack 
of demand usually brings about a shrinkage in price, even though the 
supply is light, while an active demand will cause prices to advance in 
spite of a plentiful supply. The arrival of spring-dug root has a 
weakening effect on the market, although the fall-dug root is always 
preferred. For the past few years, however, high prices have been 
steadily maintained, and there appears to be but one cause for this, 
and that is, as already pointed out, that the forests no longer yield 
unlimited quantities of this valuable root, as in former years, and the 
scanty supply that can be had is eielcqnate to meet the constantly 
increasing demand. 


HIGHEST AND LOWEST PRICES. 


The following table, taken from files of the Oil, Paint, and Drug 
Reporter, shows the highest and lowest prices quoted for golden seal 
in. the New York market each month during the past ten years, and 
also the highest and lowest points touched each year from 1894 to 
1903, inclusive. The figures are based on the closing quotations of 
each successive week: 


1894. | 1895. | 1896. | 1897. | 1898. | 1899. | 1900. | 1901. | 1902. | 1903. 
Month. wan Sh Fi ht ee eee Des | | se 
H.|L.|H.|L. | H.{L. | H.|L. | a. L.]a.| 0.) 8/0. | a.{L. | a. | L. | a. |L. 
| | | 

January....... 23 | 23 | 183] 18 | 223/ 223/ 27 | 25 | 40 | 38 | 43 | 43 | 60 | 60 | 57 | 55 | 50 | 50| 54| 52 
February ..... 23 | 22 | 18 | 18 | 223, 22'| 27 | 25 | 45 | 40 | 70 | 43 | 60 | 58 | 56 | 55 | 50 | 50| 54) 54 
March ........ 22 | 22 | 18 | 172| 22 | 22 | 30 | 26 | 423! 38 | 70 | 623] 57 | 54 | 55 | 58 | 52 | 48 | 54] 54 
MOAR. csc... 22 | 21 | 183| 173) 22 | 21 | 27 | 27 | 45 | 40 | 70 | 68 | 54 | 54 | 52 | 50 | 52] 50 | 54/| 54 
ae 21 | 21 | 173| 173) 21 | 20 | 27 | 26 | 50 | 45 | 75 | 60 | 54 | #3 | 49 | 49 | 52 | 50 | 54| 54 
ae 21 | 19 | 173] 174/ 20 | 20 | 263! 25 | 48 | 40 | 60 | 55 | 50 | 50 | 47 | 45 | 52 | 51 | 54 | 53 
aay... 19 | 19 | 178) 17 | 20 | 20 | 26 | 25 | 40 | 35 | 53 | 49 | 50 | 473] 573) 43 | 52 | 51 | 53| 53 
August........ --| 192] 19 | 17 | 17 | 20 | 193] 25 | 24 | 50 | 38 | £2 | £0 | 54) 474) 58 | 573] 52 | 62 | 574, 58 
September ....| 193] 19 | 183] 17 | 193) 194] 27 | 24 | 45 | 45 | 52 | 50 | 60 | 55 | 58 | 50 | 54 | 52 | 75 | 70 
October....... 19 | 183] 20 | 18 | 24 | 21 | 623] 35 | 50 | 45 | 58 | 56 | 55 | 55 | 54 | 50 | 54] 54] 75| 74 
November ....| 19 | 18}, 22 | 20 | 29 | 24] 50 | 45 | 52 | 474) 60 | 58 | 58| 55 | 52 52 | dB) 52 | 74) 74 
December... 183] 183] 23 | 223] 28 | 27 | 45 | 40 | 473] 45 | 623] €O | 58 | 57 | 62 | 52 | 52] 52| 74 | 74 
Whole year .) 23 | 183) 23 17 | 29 | 194 624] 24 | 50 | 85 | 75 | 43 | 60 | 474) 58 | 48 | 54 | 48 | 75 | 52 


According to the market reports contained in the Oil, Paint, and 
Drug Reporter, the year 1904 opened with a quotation of 74 to 75 cents, 
which soon advanced (in one week early in February) from 76 cents to 
95 cents. A still further advance occurred about the end of February, 
when the price went up from $1 to $1.25 per pound. In March the 
market was almost destitute of supplies, but lack of interest brought 
the price down to $1.10. In May the price advanced again to $1.25, 
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and it was stated that the local supplies were being held by a small 
number of dealers, although it was believed that together they held 
not more than 1,000 pounds. About June 1 the arrival of spring-dug 
root caused the market to sag, prices ranging from $1.10 to $1.18 
during that month, and in July from 90 cents to $1.10. In August 
the lowest price was $1.15 and the highest $1.50, no discrimination 
being made between the fall dug and the spring-dug roots. From 
September 1 to October 15 the price of golden seal varied but little, 
$1.35 being the lowest and $1.40 the highest quotation. No supplies 
worth mentioning can be obtained in the West; the stock in New 
York is short, and the demand, especially for export, is increasing. 
It is impossible to ascertain the exact annual consumption of golden 
seal root, but the estimates furnished by reliable dealers place these 
figures at from 200,000 to 300,000 pounds annually, about one-tenth 
of which is probably used for export. 

It will be observed that the price of this article is very sensitive to 
market conditions, and it seems probable that the point of over- 
production would be easily reached if a large number of golden seal 
growers were to meet with success in growing large areas of this drug. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BurEAU OF PuantT INDUSTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., October 8, 1903. 


Str: I have the honor to transmit herewith a paper entitled 
‘*Wither-Tip and Other Diseases of Citrous Trees and Fruits Caused 
by Colletotrichum Glceosporioides,” and respectfully recommend that 
it be published as Bulletin No. 52 of the series of this Bureau. 

This paper was prepared by Mr. P. H. Rolfs, Pathologist in Charge 
of the Subtropical Laboratory of this Bureau, under the direction of 
the Pathologist and Physiologist, by whom the paper was submitted 
with a view to publication. The accompanying six plates, three of 
which are colored, are believed to be necessary for a complete under- 
standing of the subject-matter under discussion. 


Respectfully, 
B. T. GaLLoway, 
Chief of Bureau. 
Hon. James WItson, 
Secretary of Agriculture. 


PREPAC E. 


The diseases of citrous fruits described in this report have caused 
within the past four or five years considerable loss to the cultivators 
of these fruits, especially in the more humid regions. A fungus (Co/- 
letotrichum glwosporioides Penzig) has long been known as the cause 
of a disease on orange, pomelo, and lemon twigs, commonly called 
‘**wither-tip,” and the same fungus causes a serious disease of the 
leaves, known as ‘‘leaf-spot,” on these and other citrous trees. Mr. 
Rolfs has now demonstrated that anthracnose of lime blossoms and 
young fruits and of lime and lemon twigs, ‘‘spot” of ripe lemons, and 
‘**canker ” of limes are all caused by this same fungus. A knowledge 
of this fact should be of great value to citrus growers in combating 
these diseases. 

By proper pruning and fungicidal treatment, as recommended in 
this report, all of these troubles may be easily prevented or controlled. 

Thanks are due to Mr. F. D. Waite, general manager of the Mana- 
tee Lemon Company, for many courtesies shown during the progress 
of these investigations. 

ALBERT F. Woops, 
Pathologist and Physiologist. 
OFFICE OF VEGETABLE PATHOLOGICAL 
AND PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D. C., October 3, 1903. 
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WITHER-TIP AND OTHER DISEASES OF CEFROUS TREES AMD FRUITS 
CAUSED BY COLLETOTRICHUM GLUEOSPGRIOIDES. 


INTRODUCTION. 


The group of diseases discussed in this bulletin was unknown in 
Florida until a comparatively recent time. At first recorded as of 
merely passing interest, the attacks of the fungus Colletotrichum 
glwosporioides have since increased in severity until they are now 
assuming serious proportions in various citrous crops. The amount of 
damage done by lemon-spot is often sufficient to eliminate the profits 
of the shipments in which the disease occurs. As wither-tip it repeat- 
edly kills back the new growth of young trees until their vitality is 
exhausted. On large trees the small twigs are cut off, thus prevent- 
ing the tree from producing the bloom necessary to set a heavy crop. 
As anthracnose and canker of lime it has caused an almost total destruc- 
tion of the crop where the disease has gained a foothold. 

The fact that the attack of this fungus manifests itself in various 
diseases has greatly complicated the work and added immensely to tne 
labor of demonstrating its identity. The results of the miscroscopic 
work indicated that these various diseases—wither-tip, leaf-spot, lemon- 
spot, canker, and anthracnose-—-were produced by one species of fungus. 
It remained for cross inoculation with pure cultures to confirm this 
supposition. In most cases these cross inoculations took readily, while 
in others it was difficult to induce the fungus to make an attack. 
This was especially the case in attempting to produce lemon-spot. 
Infection at the stigma of lime blossoms is one of the inoculations 
most easily accomplished. 

Leaf-spot is easily produced artificially on foliage infested with 
purple mites. To produce such an infection a leaf must be washed 
carefully to free it from danger of natural infection, and then spores 
from a pure culture should be applied to the epidermis, after which 
a moist atmosphere is necessary. 


DISTRIBUTION OF THE DISEASES. 


The diseases known as wither-tip, anthracnose, leaf-spot, and canker 
extend through a large portion of Florida, the West Indies, South 
America, Australia, and Malta, and it seems probable that they occur 
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in all parts of the world where the orange is cultivated, especially in 
the more humid regions. The drier regions are more exempt from 
leaf and branch inhabiting fungi. 

In Florida the diseases seem to be increasing in severity. Prof, 
L. M. Underwood” wrote, in 1891: 

This disease [wither-tip] was found at only one point in Lake County. Dr. Martin 
found it in 1886 at Green Cove Spring. It does not seem to be widespread nor at 
present of much importance, but is recorded here that attention may be called to it, 
so that its nature may be known and its progress watched. 

Professor Hume? has collected specimens of the disease in several 
places in Florida. He also mentions that some pomelo seedlings lost 
nearly all of their leaves as a result of the attack of the fungus in 
question. 

Miss Stoneman’ found that this fungus attacked orange trees in 
conservatories. 

Penzig“ mentions this fungus as being destructive to citrous plants, 
attacking the foliage mainly. 

McAlpine‘ found this fungus on the orange near Melbourne, Aus- 
tralia, in 1892, and in 1898 it was found by Troyon to be destructive 
to lemon leaves in Queensland. 

In Brazil it seems to be quite generally distributed. Noack’ found 
it especially severe at Sado Paulo, where it was recognized not only on 
the leaves, but also on the smaller twigs. The latter were killed as 
far as the fungus penetrated, showing a very decided demarcation 
between the sound and the diseased areas. 


GENERAL METHOD OF ATTACK. 


The initial lesion is usually at the tip (see Pl. V, fig. 1) or an edge 
of a leaf. More rarely is a leaf attacked at the midrib or some other 
interior portion. The part attacked becomes light green, then turns 
brown. Then the acervuli form; at first light brown, then dark 
brown or nearly black. They may develop on either surface and in 
various arrangements. 

EXTENT OF INJURY. 


All sizes of trees, from those located in the nursery (even seedlings 
in the seedling beds) to the oldest trees in a grove, are subject to attack. 
Budded trees less than a year old are rarely attacked except in the 
leaves. Where such infections are allowed to remain on the trees the 
diseased area extends into the growing twigs and causes the typical 


aJour. Mye., VII: 35, 1891. 

6 Bul. Fla. Agr. Exp. Sta., 53: 172, 1900. 

¢ Bot. Gaz., XX VI: 87, 1898. 

@Funghi Agrumicoli, p. 66. Padova, 1882. 

€McAlpine, D. Fungus Diseases of Citrus Trees in Australia, 102, 1899. 
J Noack, Fritz. Zeitschrift f. Pflanzenkrank., X: 329, 1900. 


DESCRIPTION AND VARIETIES. li 


**wither-tip.” (See Pl. V, fig. 2.) In such cases the tip dies back for a 
distance, or the disease may go as far as the trunk and then stop. A 
bud below the diseased portion then pushes forward, but unless pre- 
ventive measures are used the second sprout withers back like the 
first. In this way the disease may prevent the tree from making any 
growth, and even kill it in four or five years. (See Pl. VI.) 

The initial attack in older trees is the same as in trees in the nur- 
sery rows. The fungus gains entrance to the tissues of the leaf and 
from this grows down into the fruiting twigs. This cuts off much of 
the younger growth in severe cases and thus prevents blooming to a 
large extent. Such cases are frequently mistaken for blight, but a 
more common error is to attribute the injury to die-back. It may be 
readily distinguished from blight by the fact that only small twigs die 
off, and these do so without any wilting of leaves. Even the leaves 
that are so badly diseased that they fall do not wilt, while in the case 
of blight the leaves wilt with no visible sign of injury. It may be 
distinguished from die-back by the absence of multiple buds, of gum 
pockets, or of dark excrescences. One or more of these characters 
always accompany die-back. Die-back twigs may be attacked by this 
fungus, but in such cases wither-tip must be regarded as the secondary 
disease. This disease may be also present ina blighted tree. Any 
agency that lowers the vitality of a tree, whether fertilizer, weather, 
or condition of soil, predisposes it to anattack of wither-tip, but trees 
that are in the most healthy condition possible are also attacked when 
exposed to infection. The damage caused by this disease is very 
largely overlooked from the fact that it occurs upon the smaller twigs 
and is often attributed to other diseases, as previously stated. Where- 
ever pruning is practiced the infected branches are usually cut off 
before the nature of the disease becomes fully apparent. 


VARIETIES ATTACKED. 


All varieties and species of citrous trees and fruits cultivated in 
Florida are more or less subject to attack. Since the parts attacked 
and the parts most greatly damaged differ considerably, the measures 
adopted for relief must be varied according to the different diseased 
conditions. 

LIME. 


ANTHRACNOSE. 


The lime is the most severely attacked of the citrous species. It 
sustains its greatest loss during the time of most rapid growth, which 
is usually during the spring and early summer. The effect of the 
fungus in the young growing shoots is somewhat peculiar, as it 
resembles the result of an attack from biting insects, and by many 
persons it is attributed to this cause. (See Pl. I, fig. 2.) 
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The infection usually takes place at the axil of a leaf or some other 
place where the spore may find lodgment, and the fungus then cuts off 
the stem, causing the upper part to fall over and hang lifeless beside 
the other portion, or it may fall away; in this manner simulating the 
effects of insect depredations. In such cases gum quickly forms at 
the wound and prevents the fungus from forcing its way down the 
twig. 

Besides the young growing twigs and leaves, the blossoms, the 
unopened buds, and the young fruit are attacked. When the fungus 
attacks an unopened bud the latter fails to develop and the entire 
outer portion becomes covered with spores. In the opened blossom 
the most common point of attack is the stigmatic surface of the pistil. 
(Pl. I, fig. 1.) The fungus grows in the stigma and finally destroys 
the entire fruit; this, however, usually falls off before the fungus has 
time to penetrate below the calyx. By attacking the blossoms the 
fungus may render the whole tree entirely fruitless, the calyxes 
remaining until the normal time of ripening, giving the branch a very 
peculiar appearance. (See Pl. II, tig. 1, representing various stages 
in the development of the disease. ) 

In addition to attacking the open bud, the spores frequently find a 
place for infection in the nectaries. The development of the fungus 
here.causes the fruit to fall, and the resulting appearance is much the 
same as when the infection took place in the stigma. 


WITHER-TIP. 


When the fungus gains entrance from the terminal bud or from leaf 
infection the formation of the gum previously mentioned does not take 
place, and the disease may extend down the twig, resulting in a case of 
wither-tip similar to that encountered in other species of citrus. (See 
Pl. I, fig. 2.) 

FRUIT CANKER. 

If the bloom escapes, the young fruit may be attacked at almost any 
subsequent period. (PI. LI, figs. 2,3,and 4.) Theattack on the young 
fruit frequently causes a portion to be taken out as though bitten by a 
grasshopper or some other gnawing insect. This causes a large per- 
centage of the young fruit to fall. Fruits after they are about half 
developed are not usually attacked. When the fruit has reached con- 
siderable size (about that shown in PI. I, fig. +4) before it has been 
attacked, corky tissues form and a development takes place resembling 
scab or verrucosis. (See Pl. IV.) 


LEMON. 
LEAF-SPOT AND WITHER-TIP. 


Lemon leaves are attacked in the typical way, causing leaf-spot, and 
from these the disease extends into the twigs, causing the wither-tip. 
For a description of the characteristics of this attack see page 10. 
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LEMON-SPOT. 


The disease causes the most serious damage to the mature fruit. 
The fungus finds entrance through some slight bruise or abrasion of 
the skin, or it may be that infection takes place through the uninjured 
skin under conditions not known at present. Attempts at artificial 
inoculation through the uninjured skin of the lemon failed uniformly. 
Even so slight an abrasion as rubbing the fruit together in a packing 
crate or handling it roughly gives sufficient opening for the fungus 
to enter. The results of applying spores from pure cultures to the 
epidermis confirmed this conclusion. When the fungus has once found 
its way into the epidermis a dark spot is produced. (See Pl. II, fig. 5.) 
This continues to enlarge until a definite brown spot is made. (See PI. 
III, fig. 1.) The development then continues until the entire rind of 
the lemon is browned. Ordinarily the diseased skin hardens, so that 
the actual usefulness of the lemon has not been materially impaired 
by the attack, but since it is not salable its value has been destroyed. 

The injury from this disease is the greater because of the fact that 
infection to a large extent occurs during the handling of the fruit, 
especially during the coloring period, so that the fruit is sent off to 
market before the disease is visible. The diseased spots continue 
to enlarge, and when the fruit arrives in the market they may be the 
size represented by the figures of Plate III. This of course makes the 
fruit unsalable, and it becomes necessary for the merchant to repack, 
discarding all fruit that shows infection. Spores are rarely produced 
on such lemons, except when the fruit is kept ina moist place, in which 
case they are produced in great profusion, as illustrated by figure 2 of 
Plate II. 

The peculiar way in which lemons have to be handled for market 
makes them especially liable to attack. The fruit is picked from the 
tree when still green. The growers allow the lemons to mature suffi- 
ciently to develop in them a certain amount of citric acid. When 
they have attained the proper size (and this must be learned by experi- 
ence) so that they will shrink in the course of curing to the size 
demanded by the market, they are picked and placed in a coloring 
house, or they may be placed in a large heap, which is then covered 
with hay or similar material to keep out the light and to keep them at 
a uniform temperature. It therefore happens that the lemon groves 
must be picked over several times during the ripening season, the 
largest and most fully developed specimens being taken off usually in 
August or September, according as experience dictates. In handling 
these it is almost impossible to keep them from being bruised or 
slightly scratched or even pricked by thorns. Such abrasions in the 
epidermis, however slight, are sufticient to permit the entrance of the 
fungus. 
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THE COLORING HOUSE, 


The coloring houses for the lemons are small structures, usually 
about 12 feet wide by 14 feet long and 10 or 12 feet high. They are 
double walled and built with a steel roof. The sun shining on this 
roof causes the temperature of the building to rise. By means of 
ventilation at the bottom and top the cool air is allowed to enter at 
the floor and the hot air to pass out at the ridge of the roof. By 
means of these ventilators the temperature is kept from reaching too 
high a degree. At night the openings which permit the cold air to 
enter are closed, and if the outdoor temperature happens to be quite 
cool the ventilators in the roof are also closed. In this way the 
temperature of the coloring house causes a very rapid ripening of the 
lemons, the fruit turning yellow ina few days. The evaporation from 
the lemons causes the air to become humid, creating a most admirable 
condition for germinating any Colletotrichum spores that may be 
adhering to the fruit. Spores that happen to be near an abrased place 
in the epidermis of the lemon will find an entrance and produce the 
disease in the fruit. The drying of the fruit which occurs at the latter 
end of the coloring period causes the affected portions to become 
depressed brown areas when the disease has progressed sufficiently. 

When the lemons have been permitted to mature rather fully the 
process in the curing house is of short duration. No matter how 
short it is, however, it is always sufficiently long to permit fungus 
infection. When the period between infection and removal of the 
fruit from the coloring house is of short duration, the spots have not 
had time to collapse and become brown, making it impossible to detect 
the disease when the fruit is being graded and put into crates; conse- 
quently a considerable percentage of lemons infected with Co/leto- 
trichum is packed and shipped to the markets and the diseased spots 
develop in transit. 

Experiments with infected lemons show that the fungus continues 
to develop, even if they are placed in the dry atmosphere of a living 
room, and that a spot is produced, as shown in Plate III, figure 1. 
These spots when examined under a microscope showed no fungus 
spores, and only a few mycelia were found in the tissues of the 
lemon rind adjoining the blackened area. On lemons under normal 
conditions, such as those in a crate on the way to market or in 
a storeroom, these spots develop very rapidly. Freight cars or the 
holds of vessels are usually superheated, bringing the temperature 
up to that needed for the most rapid development of the fungus. 
Crates of lemons that were started out from the packing house during 
August, 1902, without the slightest visible speck, were found to have 
from 5 to 25 per cent of specked fruit when they arrived in the Boston 
market. Specimens taken to the laboratory and kept under conditions 
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similar to those of lemons packed in a crate developed spots varying in 
size up to three-fourths of an inch in diameter. Kyery lemon thus 
spotted is rendered worthless for commercial purposes; nor is the 
entire loss represented by the percentage of specked lemons, since a 
crate of lemons containing even a small percentage of specked fruit 
can not be sold except at a liberal discount or after the additional 
expense of repacking. 

When specked lemons are placedin a moist chamber the fungus 
develops very rapidly and produces a great quantity of spores, as shown 
in Plate I], figure 2. The lemons under these conditions give out a 
peculiar moldy citric odor. Itnotinfrequently happens that sufficient 
moisture is produced in transit to market to permit a very full develop- 
ment of spores. In storage especially this is true. 


THE COLORING BED. 


The very considerable loss sustained as the result of curing lemons 
in a house caused it to be suspected that the curing house was at fault 
inthis matter. Curing beds were therefore prepared. These are made 
by selecting a position that is high and dry, clearing off the land, and 
smoothing the surface. This is then covered with hay or some other 
soft material. The picked lemons are placed upon this bed to a depth 
of a foot or more, and are covered with hay or similar material to a 
sufficient depth to keep out the light. In this bed the lemons go 
through a curing process very similar to that of the curing house. 
The temperature being much lower and the possibility of regulating 
it being removed, the process is much less certain and less satisfactory 
than in the curing house, the lemons not curing uniformly. In these 
curing beds the spotting of the lemons goes on in very much the same 
way as in the curing house. The time elapsing between placing the 
lemons in the curing bed and removing them from it is considerably 
longer than in the curing house; consequently a greater percentage of 
the lemons infected with Colletotrichum show spots, and the fungus 
has time to develop larger spots, which makes it less difficult to detect 
the diseased lemons. Asa consequence, fewer lemons infected with 
the fungus pass the graders and packers, and a smaller percentage is 
lost after being shipped. 


ORANGE AND POMELO. 


LEAF-SPOT. 


The first point of attack is in the leaf. The development of the 
fungus takes various peculiar forms. At times the acervuli are dis- 
tributed in a more or less regular way from a center, resembling 
‘fairy rings.” At other times the infection takes place in the tip of 
the leaf, which gradually withers back tothe stem. Small trees may be 
defoliated and the fungus continue to develop in the twigs (see Pl. V). 
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WITHER-TIP. 


The smaller twigs of the sweet orange and pomelo are very fre- 
quently and severely attacked. In a great many cases the death of 
twigs from an attack of wither-tip is supposed to be the result of die- 
back. This may, however, be easily distinguished from die-back, as 
indicated on page 11. It not infrequently happens that die-back and 
wither-tip occur on the same twig. Any material weakening of the 
health of the tree is very likely to induce an infection; this, however, 
is not a necessary antecedent to infection. ‘The fruit of these two 
varieties appears to be exempt from attack. 


DESCRIPTION OF THE FUNGUS. 


Acervuli located on the surface of the leaf, twig, or fruit; 90-2704 
in diameter, erumpent, superficial. Shape various, not uniform, occur- 
ring on either surface of citrous leaves; disposed irregularly or in more 
or less concentric lines; pale to dark colored. On tender lime twigs, 
tender lemon twigs, lemon fruits, and lime fruits, pale colored, dull 
red in masses (see Pl. V), confluent. Epidermis breaks irregularly. 
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Fig. 1.—Section of acervulus. (Drawn by L. H. McCullough.) 


Sete fuliginous, ranging in length from 60 to 1604, frequently once 
or twice septate, disposed at margin of acervuli. Frequently absent, 
and on tender lime twigs, tender lemon twigs, lemon fruits, and lime 
fruits usually absent. 

Conidia broadly oval or oblong, 10-164 by 5-7, hyaline; size vari- 
able in same acervulus, usually with one or two oil drops. Developing 
from a well-defined stroma; basidia, 3-18“. In moist chamber the 
conidia stream from the break in the epidermis. 

Intra-basidial sete, variable 8-30 by 3-6, cylindrical or sometimes 
enlarged at distal end; hyaline. 


SYNONYMY. 


Colletotrichum gleosporioides Penzig. 

Vermicularia gleosporioides Penzig. Funghi Agrumicoli, No. 90, p. 66, fig. 1188, 
Padova, 1882. 

Phyllosticta adusta, E. & M. Jour. Myc., II, p. 180, November, 1886. 

Colletotrichum gleosporioides Penzig. Botanici Agrumi e sulle piante affini. Ann, 
d’ Agria, p. 384, Plate XX XVIII, figs. 3 and 4, 1887. 

Colletotrichum adustum, Ell., Jour. Mye., VII, p. 35, May, 1891. 
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PREVENTIVE AND REMEDIAL MEASURES. 
TREATMENT TO PREVENT LEMON-SPOT. 


The ioss from spotting of lemons may be greatly reduced, if not 
entirely prevented, by spraying with fungicides, such as potassium 
sulphid, ammoniacal solution of copper carbonate, and Bordeaux 
mixture. 

The particular fungicide to be used will depend on the specific form 
in which the disease manifests itself. For lemon-spot sulphur spray @ 
may be used after the lemons have been picked. 

The spraying may be done by. first placing a layer of lemons one or 
two deep on the curing bed, then spray this thoroughly, place upon 
these another layer of lemons one or two deep and again spray, con- 
tinuing the placing of lemons and spraying until the amount of fruit 
needed to fill the bed has been supplied. After this the lemons should 
be allowed to dry thoroughly before the cover is placed upon the bed. 
It is quite probable that the sulphur spray or the potassium sulphid? 
will also be helpful in the process of coloring the lemons. Sulphur 
spray and potassium sulphid being mild fungicides, there is no danger 
of producing rot by their use. 

Ammoniacal solution of copper carbonate’ may also be used to prevent 
spotting, but the solution should be applied to the fruit a week or ten 
days before picking. The spraying should be done thoroughly and 
eare should be exercised to get the mixture on the fruit. The amcunt, 
if at all apparent, will be so small that it will not interfere with its 


@ Preparation of sulphur spray.—Place 30 pounds of flowers of sulphur in a wooden 
tub large enough to hold 25 gallons. Wet the sulphur with 3 gallons of water; stir 
it to form a paste. Then add 20 pounds of 98 per cent caustic soda (28 pounds should 
be used if the caustic soda is 70 per cent) and mix it with the sulphur paste. Ina 
few minutes it becomes very hot, turns brown, and becomes a liquid. Stir thoroughly 
and add enough water to make 20 gallons. Pour off from the sediment and keep the 
liquid as a stock solution in a tight barrel or keg. Of this solution use 4 quarts to 50 
gallons of water. 

5 Use 1 ounce of potassium sulphid to 2 gallons of water. 

¢To prepare ammoniacal solution of copper carbonate.—Put 3 gallons of water in a 
wooden or an earthen vessel, pour 3 pints of ammonia (26° B.) in this, and stir it to mix 
the two evenly. Take 8 ounces of copper carbonate and shake if into the ammonia 
water, stirring the liquid for a while. Ifa considerable part of the copper carbonate 
remains undissolved, the liquid may be left to settle; if, however, all or nearly all of 
the copper carbonate is dissolved, more of it should be added in the manner previ- 
ously described until a considerable amount remains undissolved; then it is set aside 
as stated before. After the precipitate has settled, use the clear blue liquid. The 
undissolved copper carbonate may then be treated with more ammonia and water, 
fresh copper carbonate being added whenever the residue becomes less than an 
ounce. The solution should not be kept for more than a day or two, and when 
used 1 gallon should be diluted with 15 or 20 gallons of water. 
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selling quality. Bordeaux mixture can not be used to good advantage 
on lemons, because it adheres very tenaciously to the fruit, and so 
reduces its selling value. 


TREATMENT OF LIME TREES. 


During the past year experiments performed by Mr. M. S. Bur- 
bank, of Cocoanut Grove, Fla., at the Red Mill fruit farm, with a 
view to protecting lime trees from the attacks of this fungus, brought 
out some interesting results. One tree under observation had been 
producing limes for a number of years in a most prolific manner, but 
during the three years preceding 1902 the crop had been a total fail- 
ure, owing to the attacks of Colletotrichum glwosporioides. Spraying 
with Bordeaux mixture “ was begun in September, 1902, and was con- 
tinued at intervals as thought advisable, and in less than a year the 
disease had been almost entirely subdued and the tree bore a heavy 
crop of fruit. Other trees were also treated, as well as trees in other 
groves, with good results. 


THE EFFECT OF PRUNING. 


In a small orchard, or in the case of an isolated tree, especially in a 
young orchard, much good can be done by cutting out diseased twigs 
and picking off the diseased leaves. Where this is practiced with 
thoroughness the disease can be reduced to a point where it does only 
a small amount of damage, or it may be eradicated; but pruning and 
picking must be done at frequent intervals and very thoroughly. 
This would probably be an effective method of keeping the fungus 
under control in the case of small orange and pomelo orchards. 

Where pruning is practiced the weak limbs are taken out. The 
spurs that have dropped their leaves are also cut out, and in this way 
much of the hold-over wither-tip is removed. All wood that has 
withered is also takenaway. This pruning reduces in a large measure 
the number of spores left in the grove and hence greatly diminishes 
the extent of the infection. 


(blue stone) in 25 gallons of water. If the powdered copper sulphate be used, it 
may be dissolved in an hour or so b¥ suspending it in a feed sack just under the 
surface of the water. In another vessel, slake 4 or 5 pounds of lime in a small quan- 
tity of water. When slaked, dilute to 25 gallons. Strain through coarse sacking 
into a 50-gallon barrel, to remove all the matter that might clog the nozzle of the 
spraying machine. Pour the copper-sulphate solution into the lime solution, stirring 
the mixture vigorously during the process and for two or three minutes afterward. 
During the stirring the paddle should be made to go back and forth. Use the mix- 
ture at once. : 
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CULTIVATION AND FERTILIZATION. 


Thorough cultivation and fertilization are among the effective ways 
of keeping the fungus from becoming established in an orchard. A 
properly cultivated and well-fertilized tree will produce new growth 
so rapidly and in such quantity that the amount of wood that is killed 
by the fungus and the number of leaves destroyed will form only a 
small percentage of the total number of leaves and twigs present. 
The same number of leaves and the same quantity of twigs destroyed 
ona tree of only indifferent growth would form a much larger per- 
centage and, consequently, weaken the constitution of the tree to such 
an extent that it would actually die before the atmospheric conditions 
would become adverse to the disease. Seedlings and nursery trees not 
carefully attended are frequently killedin this manner. (See Pl. VL.) 
It is thus possible for a tree that has been properly fertilized and culti- 
vated to withstand an attack that would prove fatal to one not in the best 
physical condition. While it does not seem possible to render a tree 
proof against attack excepting by the use of fungicides, the proba- 
bility of infection and the damage to the tree can be greatly reduced 
by putting it in the most healthy condition possible. 


FERTILIZERS. 


In choosing fertilizers to aid in warding off these diseases a large per- 
centage of potash should be used in the compound. ‘The source of 
potash does not seem to be important, but sulphate of potash has 
proved a general favorite among growers of citrous fruits. 

Sulphate of ammonia is somewhat slower in acting than nitrate of 
soda, but gives a firmer leaf. Nitrate of soda will produce a very 
quick growth and a large leaf, but it is especially subject to attack 
from the fungus unless well balanced by a generous supply of potash. 
Organic ammonia in the form of dried blood, cotton-seed meal, and 
bone meal should not be used in combating this trouble, as it is very 
likely to produce die-back in addition to the softening of the wood, 
and so lay the tree doubly open to attack. 


SUMMARY. 


(1) Wither-tip was not known to exist in Florida until 1886. In 1891 
it was recorded as only of passing interest, but it is now present in every 
citrus-growing region of the State, as well as in many citrus-growing 
countries. Such is the severity of the disease that many requests for 
advice as to remedies have come to the Department of Agriculture 
from extensive growers. 
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(2) The diseases caused by the fungus Colletotrichum glaosporioides 
Penz. manifest themselves as wither-tip on orange, pomelo, and lemon 
twigs; as leaf-spot on leaves of various citrous species; as anthracnose 
on lime blossoms, recently set limes, lime twigs, and lemon twigs; as 
lemon-spot on ripe lemons, and as canker of limes. 

(3) On the orange and pomelo the fungus causes the most severe dam- 
age by defoliating young twigs and causing these to die, thus reducing 
the amount of wood that may produce bloom in the bearing trees and 
cutting back seriously the growth of young trees. In lemon groves the 
most severe damage is done to matured fruit, while in lime groves the 
greatest loss occurs during the blooming season, the disease often 
causing all the bloom to fall. Trees less severely attacked often have 
over 80 per cent of the fruit cankered, and consequently its market 
value is much reduced. 

(4) Remedial measures are effective, but these must be varied to suit 
particular manifestations of the fungus. Wither-tip and leaf-spot are 
best controlled by pruning out diseased twigs and then by spraying 
with Bordeaux mixture. The spotting of lemon may be controlled by 
spraying the fruit before picking with ammoniacal solution of copper 
carbonate and with sulphur spray while in the coloring bed or color- 
ing house. Canker of limes may be prevented by cutting out wither- 
tip before the blooming period and then by spraying with Bordeaux 
mixture. 
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DESCRIPTION OF PLATES. 


Piave l. Frontispiece. Fig. 1.—Anthracnose of rapidly growing lime, infected at 
the angle of a leaf. The further progress of the disease has been arrested by the 
formation of gum. (Natural size.) Fig. 2.—Wither-tip of lime twig, infected 
at terminal bud, the fungus continuing to grow down the twig to the larger 
branches. 


PLare Il. Fig. 1.—Anthracnose of young lime fruits, infection occurring in the 
stigma. The disease has been arrested by the shedding of young fruits before 
the fungus had extended below the calyx, the calyx continuing to remain on the 
fruiting branch. (Naturalsize.) Figs. 2, 3, and 4-show various stages of develop- 
ment. Fig. 2.—A newly set lime infected on the side. (Naturalsize.) Fig. 3.— 
Further development, lime infected on the side. (Natural size.) Fig. 4.—Lime 
several weeks old, infected on the side. (Natural size.) Fig. 5.—Lemon-spot as 
it appears in most advanced cases coming from a coloring house or a coloring 
bed, usually showing only one point of infection. (Natural size.) 


Piatre III, Fig. 1.—Lemon-spot well developed but without spores. (Natural size. ) 
A lemon affected with this disease for ten days or perhaps a week usually arrives 
in the market in the condition illustrated. Fig. 2.—Lemon-spot with spores 
fully developed under a bell jar. (Natural size.) . 


PLate IV. Limes affected with cankers. The two fruits in the middle at the left, 
with small cankers, are ripe, while the other limes are green. The upper lime 
at the right shows attacks in three places. (Natural size. ) 


PLate V. Fig. 1.—Leaf-spot on orange leaf infected at tip, with the disease grad- 
ually extending to the petiole. Acervuli have formed near the tip, but no 
acervuli are present in the more recent extension of the browned area. (Natural 
size.) Fig. 2.—Wither-tip on an orange twig infected through a diseased leaf. 
Three tips of recent growth are dead; acervuli have formed; the earlier growth 
is still green but infected. (Natural size.) 

Piate VI. Orange seedling 4 years old repeatedly killed back by wither-tip, mak- 
ing its fourth and last effort. Last growth 13 inches. (Negative by L. H. 
McCullough. ) 
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Str: I have the honor to transmit herewith a paper entitled ‘* The 
Date Palm and its Utilization in the Southwestern States,” and recom- 
mend that it be published as Bulletin No. 53 of the series of this 
Bureau. 

This paper was prepared: by Mr. Walter T. Swingle, in charge of the 
plant life history work in the Office of Vegetable Pathological and 
Physiological Investigations, and was submitted by the Pathologist 
and Physiologist with a view to publication. 

This Bulletin is the first of a series of life history studies of crop 
plants, treating the crop from every possible standpoint and bringing 
together all useful information regarding successful cultivation. The 
importance of such thorough study and complete treatment of the sub- 
ject will be at once apparent. The illustrations, which comprise 
twenty-two full-page plates and ten text figures, are considered neces- 
sary to a full understanding of the text. 


Respectfully, ee 
. T. GaLLoway, 


Chief of Bureau. 
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The following bulletin by Mr. Walter T. Swingle on the date palm 
embodies the results of an investigation of the climatic, soil, and cul- 
tural needs of this fruit tree, which he has had the opportunity to 
study both in the Sahara Desert and in our own Southwest. 

It is shown that no heat is too great and no air too dry for this 
remarkable plant, which is actually favored by a rainless climate and 
by hot desert winds. It is also shown that the date palm can withstand 
great quantities of alkali in the soil—more than any other useful plant. 
This demonstration is of special interest now that water has been 
brought into the Salton Basin, or Colorado Desert, in southeastern 
California, rendering it possible to irrigate some hundreds of square 
miles of very rich land where the climate is probably even more 
favorable for the culture of the choicest sorts of dates than in the 
Sahara. Recent researches of the Bureau of Soils have shown that 
a large proportion—over half—of the soils in the irrigable part of the 
Salton Basin is too alkaline to support any ordinary crop. It is shown 
in this bulletin that the date palm can be grown without difficulty on 
four-fifths of the irrigable lands of this basin, and that on fully one- 
quarter of the area it is probably the only profitable crop plant that 
can succeed permanently. It will take considerable time, however, to 
bring the industry to a paying basis. 

The date palm will be of prime importance in many other irrigated 
desert areas in the Southwest, where the alkalinity of the soil is too 
great to permit the culture of other crop plants. It is, moreover, 
confidently believed that date culture, far from being a last resort for 
lands unfit for anything else, is one of the most profitable fruit indus- 
tries, and that it will pay to plant date palms on the best lands and give 
them the most careful attention. 

The conditions for the proper utilization of the date palm in this 
country have been determined by means of a very careful study into 
its life history requirements. This bulletin will show clearly the 
importance of life history investigations, of which Mr. Swingle is in 
charge. Such investigations are being extended to other important 
crop plants. 
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The work covered by this report has been carried on in cooperation 
with the Office of Seed and Plant Introduction and Distribution, 
through which all of the important date importations have been made. 
The investigations relating to soil conditions have been carried on in 
cooperation with the Bureau of Soils. 

Apert F, Woons, 
Pathologist and Physiologist. 
Orrice Or VEGETABLE PATHOLOGICAL 
AND PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D. C., August 14, 1903. 
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THE DATE PALM AND TTS UTILIZATION IN THE SOUTH 
WESTERN STATES. 


INTRODUCTION. 


The purpose of this bulletin is to call attention to the peculiar 
suitability of the date palm for cultivation in the hottest and most arid 
regions in the Southwestern States and to its remarkable ability 
to withstand large amounts of alkali in the soil. The most intense 
heat, the most excessive dryness of the air, the absence of all rain- 
fall for months at a time during the growing season, and even the 
hot, dry winds that blow in desert regions are not drawbacks, as in 
almost all other cultures, but positive advantages to the date palm, 
enabling it to mature fruit of the highest excellence. 

The growing of the best sorts of dates where the climate is favora- 
ble promises to be more profitable than any other fruit culture pos- 
sible in such regions, and this industry would long ago have been 
carried on extensively had the climatic and soil requirements of this 
plant been better known, and had there not been general ignorance as 
to the methods of propagation, as well as a lack of the best sorts to 
propagate. 

The date palm has the unusual power of resisting large amounts of 
alkali, the most dangerous foe to agriculture in the arid regions, both 
in the soil and in the irrigating water. This will permit it to be grown 
profitably on lands so salty as to prevent the culture of any other pay- 
ing crop, and thereby render feasible the reclamation of hundreds of 
square miles of the most fertile lands in the Southwest which, at great 
expense, have been put under irrigation. 

Thanks to the hearty cooperation of Prof. Milton Whitney, Chief 
of the Bureau of Soils, it has been possible to investigate thoroughly 
the ability of the date palm to withstand alkali in the soil. Samples 
of soils were selected by the writer in date plantations in the oases in 
several different regions in the Sahara Desert (see map, Pl. I, p. 76) 
with especial reference to a determination of the effect of alkali on the 
growth and fruitfulness of the date palm. Analyses of these soil sam- 
ples, made by Mr. Atherton Seidell, were placed at the disposition of 
the writer by Professor Whitney, and have rendered it possible to 
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determine with some degree of accuracy the alkali resistance of this 
remarkable plant, which important point in its life history is here 
considered in detail for the first time. 

One of the principal reasons for publishing this bulletin is the com- 
pletion of a system of canals which will irrigate a considerable portion 
of the Salton Basin,“ or Colorado Desert, in southeastern California, 
from the Colorado River, some 60 miles away. Water was first 
brought in, after great expense had been incurred and no inconsider- 
able engineering difficulties overcome, in June, 1891, and since then 
the development of the new country has been very rapid. Before the 
end of the year 1891 some 125,000 acres of this land had been taken 
up. This desert lies mostly below sea level and is characterized by 
having the hottest and driest climate known in North America. 

As soon as water was put on it was evident that some of the land 
was alkaline, and researches made by the Bureau of Soils of the 
Department of Agriculture? have shown that over half the lands now 
irrigable are too salty to permit the culture of any but alkali-resistant 
plants. Probably one-fourth of these lands will not support perma- - 
nently any other profitable crop than the date palm. Now, it happens 
that the climate of this desert is better adapted than that of any other 
region in North America for the culture of the best sorts of dates and 
is even better than that of the northern part of the Sahara Desert, 
whence are exported the choicest dates that now reach the markets of 
Europe and America. The advantages of this region over any others 
in the United States or Mexico for the growing of the best late varie- 
ties of dates, such as the Deglet Noor, are so great as to give it almost 
a natural monopoly of the production of these dates, the most expen- 
sive dried fruit on our markets. 


“In the United States the term ‘‘desert’’ is applied only to unirrigated or unculti- 
vated arid regions, and as fast as such areas are reclaimed and put to profitable cul- 
ture by means of irrigation they cease to be called deserts and receive some other 
name. The appellation ‘‘desert’’ is a hindrance to real-estate transactions and is 
felt to be unjust and opprobrious by those who live in the midst of flourishing fruit 
orchards and alfalfa fields. Doubtless the same change of name will take place in 
case of the Colorado Desert, and indeed the misleading term ‘‘Colorado delta’’ has 
already been applied to the newly irrigated lands about Imperial and Calexico. The 
true delta of the Colorado River lies to the southward, where this stream enters 
the Gulf of California. The region in question might very appropriately be called 
the Salton Basin, inasmuch as it is a true basin, an area surrounded on all sides by 
mountains or higher lands and depressed far below sea level in the center, where 
its most prominent topographical feature, Salton Lake or Salton Sink, is located. 
Throughout this bulletin Salton Basin is used instead cf Colorado Desert to desig- 
nate the lower parts of the lands sloping toward Salton Lake, a region limited on 
the north by the San Bernardino Mountains, on the west by the San Jacinto Moun- 
tains, and extending southward into Mexico to the line beyond which the delta lands 
slope toward the Gulf of California. 

bMeans, Thos. H., and Holmes, J. Garnett. Soil Survey around Imperial, Cal. 
Circular No. 9, Bureau of Soils, U. 8. Dept. of Agriculture, 1901. 
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There exists, therefore, an unusua: combination of circumstances, in 
that the opportunity for introducing a most profitable new industry 
into this region coincides with the pressing needs of a new country 
for some crop which can withstand alkali. 

The resistance of the date palm to alkali is so much greater than that 
of other crop plants that it will be indispensable for the more alkaline 
areas through the Southwest wherever the climate is hot and dry enough 
to permit even the less valuable early sorts to mature. Already date 
palms are being planted on alkali lands in the Salt River Valley, 
Arizona, and as a result of the demonstration of the feasibility of 
growing them the price of such land has more than quadrupled within 
the last five years. Doubtless within a decade date culture will be 
much extended in Arizona, and it probably will become the most 
important fruit industry in the Salton Basin in California. 

It becomes a matter of great importance to show what the climatic 
requirements of the date palm are and to determine how much alkali 
it can withstand, as well as to indicate how date palms are propagated 
and how their culture is carried on. This exposition is especially 
necessary in case of this plant, as its needs as to climate and soil are 
unlike those of any other plant commonly grown, and the methods 
followed in its propagation and culture are widely different from those 
employed for other crop plants. 

It is believed that these data, here presented in detail,“ will serve to 
facilitate the establishment and the extension of a new industry in this 
country. 

WHAT IS THE DATE PALM? 


The date palm was one of the first plants to be cultivated, and has 
been grown for at least four thousand years along the Euphrates and 
Tigris rivers. It has been for ages and is still the most important 
food plant of the great deserts of the Old World, and many regions in 
Arabia and in the Sahara would not be habitable were it not for this 
tree. Not only does it yield a delicious fruit of great food value, but it 
also furnishes in many regions the only timber suitable for use in the 
construction of houses and for making a thousand and one necessary 
objects. Its leaves furnish a partial shade, under which it is possible 
to cultivate other fruit trees which could not exist were they exposed 
to the direct rays of the sun and the burning winds in the desert; 
thousands of fig, almond, pomegranate, and peach trees and grape- 
vines, forming veritable orchards, are cultivated in the palm-covered 
oases, especially inthe northern Sahara. For centuries the transporta- 
tion of dates has been the chief motive for the formation of the great 


“Many of the facts here presented were summarized by the writer in a previous 
article, entitled ‘‘The date palm and its culture,’’ Yearbook of the Department of 
Agriculture, 1900, pp. 453-490; also reprinted. 
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caravan routes which run in every direction through the deserts in 
Africa and Arabia. The exportation of dates to Europe and to America 
is an important industry both in North Africa and in the countries 
bordering the Persian Gulf. 

The value of the dates imported into the United States alone 
averaged for the ten years ended June 30, 1900, $402,762 per annum, 
as appraised at the exporting point, but the real value when received 
at the American port was doubtless 50 per cent greater, or $600,000 a 
year. ‘This value is now exceeded only by the imports of two other 
dried fruits—Zante currants, $916,908 in 1900, and Smyrna figs, 
$513,895, in 1900. Inasmuch as California has been producing large 
quantities of second-class dried figs for some years, and since 1900 
also Smyrna figs of the best quality,’ it is likely that in the near 
future the value of the imports of figs will fall below that of dates, 
which will then rank second in value among imports of dried fruits. 

The date palm, as its name indicates, belongs to the great family of 
palms. Like the majority of its relatives, it has but a single bud at 
the top of the trunk, and if this bud be destroyed the tree usually 
dies. The date palm, however, unlike the cocoanut palm and unlike 
the majority of palms, produces .offshoots, or ‘‘suckers,” at the base 
of the stem (see Pl. XVII, fig. 2, and Yearbook, 1900, Pl. LIX, fig. 
4),” at least during the first decade of its existence. Old date palms 
which are in full bearing do not produce such offshoots, and if the 
terminal bud be destroyed the whole plant will die, since offshoots . 
are very seldom, if ever, produced at the top of the trunk. The date 
palm, like most other members of this family, has a trunk which 
remains of the same diameter, no matter how old it may be, there 


* «This gratifying result was brought about by the introduction of the fig insect 
(Blastophaga), which the writer accomplished in the spring of 1899 by sending from 
Algeria the winter galls of the male fig tree containing these insects. The Blastophaga 
fertilizes the flowers of the Smyrna type of figs, which, unlike ordinary figs, do not 
set fruit unless pollinated. The large orchard of Smyrna figs at Fresno, Cal., belong- 
ing to Mr. George C. Roeding, which had produced but a few dozen figs pollinated by 
hand during the twenty years it had been planted, began to yield abundant crops as 
a result of the introduction of this beneficent insect, and in 1901 produced some 
70 tons of dried figs. The success of this orchard has led to a renewed interest in 
fig culture, and several other large plantations have been set out near Fresno, while 
many orchards of inferior varieties are being grafted to the Smyrna fig. 

b Throughout this bulletin references have been made to plates published by the 
writer in his paper, ‘‘The date palm and its culture,’ in the Yearbook of the 
Department of Agriculture for 1900, pp. 453-490, Pls. LIV-LXII. This publication 
is accessible in all libraries, and it has been arranged to send a reprint of the paper 
with the present bulletin to all applicants in the Southwest who live in regions where 
date culture is feasible. This will render it possible for all interested to refer to the 
plates in this previous paper. In order to shorten the references to these plates 
they are cited as ‘“‘ Yearbook, 1900,’’ with the number of the plate. Inasmuch as the 
plates of this Yearbook article were numbered from LIV to LXII and those of the 
present bulletin are numbered from I to XXII, confusion is impossible. 
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being no secondary increase in diameter with increasing age such as 
occurs in ordinary fruit and forest trees. In consequence, the age of 
a palm tree can be roughly estimated from its height, but never from 
the diameter, nor, as is customary among woodsmen, by counting the 
rings of annual growth, for the simple reason that the date palm has 
no such rings. 

The leaves of the date palm (frontispiece and fig. 1, p. 16) are 
feather shaped and very large, frequently from 12 to 18 feet long. 
The ancient Egyptians had a tradition, held also by some tribes of 
modern Arabs, that the date palm produces twelve leaves in a year. 
It is an interesting fact that the Egyptian hieroglyphic which signified | 
a month represented a single leaf of the date palm, and the sign for a 
year pictured a crown of leaves of the date palm.” Of course, there is 
no such fixed interval of time between the unfolding of successive 
leaves, but it is true that the date palm usually produces from twelve 
to twenty leaves in a year. 

These leaves remain alive and green for several years, but finally 
lose their color and bend downward toward the trunk. (See the lower 
leaves on the tall palm in Pl. XIX, fig. 2.) Travelers who have 
seen date palms growing remote from human habitations in the Sahara 
Desert report that in such situations the old leaves remain attached to 
the trunk permanently, the palm being crowned with living green 
leaves and the trunk clothed to the ground by the reflexed dead leaves. 
Furthermore, in such conditions, where the date palm is left to grow 
uncontrolled by man, the offshoots produced by the young palms grow 
unhindered and often rival in size the parent trunk, and they in turn 
give rise to other offshoots, even after the parent stem has passed 
the age when it would produce offshoots. The result of this is that 
instead of a single palm tree, the traveler see’ a great thicket com- 
posed of a few tall trunks (the original palm and the oldest offshoots), 
surrounded at the base by a tangled mass of younger offshoots, strug- 
gling upward and outward. Sucha clump is shown in Yearbook, 1900 
(Pl. LIX, fig. 4). All of these trunks retain their dead leaves per- 
manently, so that such a clump of palm shoots is well nigh impen- 
etrable. To those who have traveled in countries where the date 
palm is the commonest cultivated tree, the description given above 
will seem very strange. In all such countries the date palm is well 
cared for and the dead leaves removed, leaving a clean trunk, crowned 
with a tuft of living leaves. (See frontispiece and Yearbook, 1900, 
Pl. LX.) Besides this, the Arab cultivators are careful to remove the 
offshoots as soon as they are large enough to plant, or to destroy them 
when young in case they do not desire to propagate the variety. Such 


“Fischer, Th. Die Dattelpalme, Ergiinzungsheft No. 64. In Petermann’s Mit- 
theilungen. Gotha, 1881, p. 4. 
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offshoots, ready to remove, are shown on Plate XVII, figure 2, and 
offshoots removed and ready to transplant on Plate VI, figure 3. 
Unlike most fruit trees, the date palm has the male and the female 
flower on separate individuals. If grown from seed, about half of the 
resulting palms are male and about -half female. If such trees be 
allowed to grow to maturity in this proportion enough pollen is blown 
by the wind to fertilize all the flowers properly. It would be, how- 
ever, a very expensive method of culture to irrigate and cultivate such 
a large proportion of male trees. ‘The Arabs—and before them the 
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Fig. 1—A young Deglet Noor date palm at Biskra, Algeria; below a~ flower cluster just opening; 
above two young fruit clusters, the larger still bound about with the cord used to attach the male 
flowers in pollinating. May, 1900. (After negative by the writer.) 


Assyrians—learned to pollinate the palm artificially, and from a small 
proportion of male trees to fertilize the flowers of a very great number 
of female trees. At the present time the proportion followed in com- 
mercial planting is that of about one male tree to a hundred female 
trees. 

The date palm blooms in the early spring, producing from six to 
twenty flower clusters, according to the age and vigor of the tree (see 
fig. 1). Each flower eluster on the female tree produces a bunch of 
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dates, consisting of numerous fruits, borne on slender twigs, which 
branch from a main stalk (Pl. XXIL and Yearbook, 1900, Pl. LX). 
Such a bunch may bear from 10 to 40 pounds of dates, and a vigorous 
tree iscommonly allowed to produce from eight to twelve such bunches. 
The date itself is, of course, familiar to everyone; it is an oval fruit 
from 1 to 3 inches long, and one-half or one-third as wide, containing 
a single seed surrounded by a half dry and very sweet pulp, usually 
amber colored. There are very many varieties of dates, differing 
widely as to character and quality, as will be explained more in detail 
farther on. 
DATE CULTURE BY THE ANCIENTS. 


The date palm is one of the oldest cultivated plants. It is fully 
described on the clay tablets of the ancient Assyrians. It was undoubt- 
edly one of their most important food plants, and every detail of its 
culture, the operation of pollinating the flowers, and even the serving 
of the fruit at the tables of the wealthy were delineated with great 
accuracy on their monuments and wall sculptures. It is probable that 
the date palm was first extensively grown in the valleys of the 
Euphrates and Tigris rivers. It was apparently little known and but 
slightly esteemed in ancient Egypt before 3000 B. C., although as 
early as 2000 B. C. it had already become a well-known fruit tree. 
Not much is known as to the origin of the date palm, although every- 
thing points to its being native in some of the ravines bordering the 
deserts of northern Africa or Arabia. It is probable that it was first 
cultivated by the Assyrians, afterwards by the Egyptians, and that 
very early its culture became almost a national industry with the 
Arabs. It is true that the date palm existed in ancient Africa before 
the arrival of the Arabs. It was, however, comparatively unimportant, 
at least in the western Sahara, and the varieties were probably infe- 
rior. When the Arabs invaded the western Sahara and the Barbary 
States during the seventh century, and at various intervals until the 
twelfth century, they introduced the use of the camel and thereby 
rendered it possible for the inhabitants of the oases to satisfy all their 
wants, simply by growing an abundance of dates, since the camels 
could carry the dates to the more fertile regions bordering the Medi- 
terranean, where they could be exchanged for the wheat and barley 
needed in the Sahara for making bread. In consequence of this eco- 
nomic revolution, the culture of the date palm speedily became, and is 
still, the most important interest throughout the Sahara Desert. 

The Moors undoubtedly introduced the date palm into Spain, where, 
in spite of the unfavorable climate, it was extensively planted during 
tne Saracen domination. The first date palms in the New World were 
grown from seeds carried from Spain by the missionaries who accom- 
panied the Spaniards on their voyages of discovery and conquest. 
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SEEDLING PALMS. 


Date palms may be grown from seed and are generally so grown in 
Mexico and in India, but if so propagated something over half the 
palms are males, which produce no fruit whatever, while of the remain- 
ing female plants probably, on the average, not more than one in ten 
produces good fruit. This would mean that in planting 100 seeds, 
on the average only four or five palms bearing good dates would be 
secured and probably as many more of second quality, or in all some 
10 per cent of the number planted would yield edible fruit. It should 
be said that in Arizona, and even in Mexico, very many of the seed- 
ling sorts do not reach maturity because of the insufficient summer 
heat; but if grown in the Salton Basin, where all the sorts could 
mature, a larger proportion, possibly 15 per cent, would produce fruit 
that could be used. 


SEEDLING DATE PALMS FOR THE SALTON BASIN. 


In view of the scarcity of offshoots of the best varieties and the press- 
ing need for date palms for many parts of the Salton Basin, it would 
be well worth while to plant orchards of seedlings, and when they are 
in bearing the worthless sorts could be cut out and theirplaces gradu- 
ally filled by taking offshoots from the seedlings yielding good fruit. 
It would be possible to begin thinning out the excess of males as 
soon as the flowers begin to show, some four to six years after plant- 
ing. The trees could be planted, say, 125 feet apart, in rows 25 feet 
apart, giving about twice the number that should be left, because 
nearly half the total number will prove to be males, to be cut away as 
soon as recognized. By the sixth or seventh year after planting the 
quality of the fruit produced by the female plants could be judged and 
the plants producing the poorest dates could be removed and replaced 
by offshoots from the best seedlings, which should, of course, be planted 
where the rows show the largest gaps, resulting from the removal of 
superfluous males and worthless females. In the course of a few years 
it would be possible to remove all the less valuable seedlings and 
replace them with the better sorts. This process could go on indefi- 
nitely by continually replacing poorer sorts with better as fast as off- 
shoots were available, until only two or three of the best sorts remained. 
No outlay would be entailed for offshoots, and if considerable numbers 
of seedlings were grown from the best dates there certainly would be 
some sorts of value among them. ( 

If any attempt be made to start seedling date orchards in the Salton 
Basin it should be borne in mind that the young seedling can not with- 
stand nearly as much alkalias can offshoots or old palms. Prof. R. H. 
Forbes“ finds that many of the young plants grown from seeds which 


@ Oral communication to the writer, 1902, 
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had been planted at the Cooperative Date Garden at Tempe, Ariz., were 
killed by alkali shortly after they appeared, while the offshoots grow- 
ing near by were unharmed. In case alkaline areas are to be planted 
it would be best to establish a nursery on alkali-free land and trans- 
plant the seedlings when they are | or 2 years old, or, if the soil is very 
alkaline, when 3 or 4 years old, to the positions they are to occupy 
permanently. Where the palms are to be planted on the very worst 
alkaline lands it would be well to allow the young date palms to flower 
in the nursery rows, so that the males could be discarded and only 
females set out, with the precautions for washing out the alkali men- 
tioned below, thus avoiding the expense and trouble of caring for the 
worthless male plants. It is easy to distinguish the male from the 
female plants by an inspection of the flowers, which, as is shown in 
Plate VI, figure 3, are very different in the two sexes. In transplant- 
ing young seedlings the leaves should be cut back severely to corre- 
spond with the cutting back suffered by the root system. 

It is interesting to note in this connection that the date palm requires 
for its germination not only fresh water, free from any considerable 
amount of dissolved alkali, but also a large and continuous supply of 
such water. The young seedling shows curiously enough a whole set 
of peculiarities of structure which enable it to throw off an excess of 
moisture. Fritsch, an Austrian botanist, concluded that the seed was 
adapted for germination during the rainy season, and that it was 
meant to grow in earth thoroughly saturated with water.“ Not only 
are the roots devoid of hairs, resembling in this peculiarity those of 
plants which grow in swamps and in water, but they have numerous 
aerating canals, and in other ways show adaptation for growth in very 
moist situations. There are even pores at the tops of the leaves by 
which the little seedlings can get rid of superfluous moisture which 
has been absorbed by the roots. | 

Seedling dates are nearly always found along irrigating canals or in 
situations where the earth is kept constantly moist. These are strong 
indications of the natural habitat of the date palm, which should be 
expected to grow where the earth is very moist, at least during the 
rainy season. It is practically impossible for date seedlings to start 
in unirrigated arid situations, even where cacti and other desert plants 
grow abundantly. 

As is clear from what has been said, the date does not reproduce true 
to type from seed. This may be in part because no attention has been 
paid to the pedigree of the male plants used to furnish pollen, so that 
even the choicest dates may have been pollinated from males of the 
most worthless character. If it should be found desirable to plant 
seedling orchards it would be well to arrange to have Deglet Noor 


@Fritsch, G. Anatomisch-physiologische Untersuchungen iiber die Keimung der 
Dattelpalme, in Sitzungsb. d. k. Akad. d. Wiss. Wien, Bd. 93, Abth. I, April, 1886. 
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dates pollinated from a number of trees in the hope that some of these 
males would produce seedlings of a superior type. If possible males 
known to be seedlings of the Deglet Noor or of some other superior 
sort should be employed in such pollination. It is worthy of note 
that the male dates in California, and especially those in the Salt River 
Valley, Arizona, are for the most part the offspring of fairly good soft 
dates, probably from the Persian Gulf region, purchased in the markets, 
So Arizona and California dates would be well worth planting, since 
both parents of the seeds in such dates are the offspring of soft dates, 
whereas in most regions where the date palm is grown the males are 
likely to be the product of dry dates (for most of the dates in those 
countries are of the dry type) dropped by chance in a wet spot where 
they could grow. 

The seedlings of a single sort of date may present the most remark- 
able variations, and usually the parent type is not exactly reproduced 
by any of the offspring. This is clearly shown by the experiments of 
Col. Sam Taylor, of Winters, Cal., who tried to propagate from seed 
the valuable early ripening Wolfskill date growing on his place. This 
was done because this palm had ceased to produce offshoots before its 
value was recognized. Many of these seedling dates have fruited, but 
none resembles in the slightest degree the parent variety; most of them 
are much later and consequently fail to mature at Winters, where the 
summer heat is insufficient to ripen any but the earliest sorts. 


PROPAGATION OF THE DATE PALM BY OFFSHOOTS. 


In all regions where its culture is an important industry the date 
palm is almost invariably propagated by removing and planting the 
offshoots or suckers which spring up around the base of the trunk (PIL. 
XVII, fig. 2, and Yearbook, 1900, Pl. LIX, fig. 4). These offshoots 
reproduce the parent variety exactly and have the great advantage of 
coming into bearing sooner than seedlings. Offshoots are produced 
abundantly by young date palms, but cease to form when the trees 
reach the age of 10 to 15 years. Usually three or four are left 
attached to the parent plant, any in excess of this number being cut 
away as fast as they form. One offshoot can be removed every year 
until they cease to be produced. They are cut away from the parent 
trunk when they are from 3 to 6 years old, after they have begun to 
develop roots, if as usual they start from below the surface of the 
ground and have their bases covered with earth. The leaves are all 
cut away, leaving only the bud in the center protected by the leaf- 
stalks (Pl. VI, fig. 3). No roots are left attached to the offshoot, 
which, when so reduced to a mere stump, can stand much exposure. 
Some offshoots procured by the writer on May 18 and 19, 1900, at 
Ourlana, Algeria, in the Sahara Desert, were shipped by camel-back 
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(Pl. VI, fig. 2) to Biskra, 95 miles away, and from there to Algiers, 
some 390 miles by rail, with no packing except a little palm fiber 
about the bases. One box of these offshoots was packed in straw 
with no moisture whatever except from having been wet twice, once 
at Biskra and once at Algiers. So packed they were sent to New 
York by steamer, arriving July 3, then transshipped to New Orleans 
and finally carried by rail from New Orleans to Tempe, Ariz., where 
they arrived July 17. They were unpacked July 20, two months after 
they had been dug up. Prof. R. H. Forbes, under whose personal 
supervision the palms were planted and cared for, reports that the 
box of offshoots which had no packing other than the loose dry straw 
came through as well as those packed in damp moss or in charcoal. 
Some 80 per cent of these suckers lived.¢ 

It is very important that the offshoot be planted out high enough so 
that the growing bud in the center is never in danger of being covered 
with water when irrigated. (See fig. 6, p. 42.) 

In order to force the offshoots to take root and grow, the chief requi- 
site is that the ground be kept constantly wet about their bases. If 
the young plants dry out once they are lost, for the delicate new roots 
that are just forming will be killed. The Arabs water the offshoots 
every day for the first forty days after planting and then twice a 
week until winter, after which they are watered as often as may be 
necessary to keep the ground thoroughly moist. 

Another requisite almost as important as the keeping of the base of 
the plant moist while roots are starting is that the ground be warm 
when the offshoots are transplanted. It is useless to set out offshoots 
in autumn or winter; the best season is late in spring or early in 
summer, when the ground is thoroughly warm and when there is a 
long hot season after planting, permitting the young palms to become 
well established before winter. It is not necessary to shade the young 
offshoots, but they should be protected against cold during the first 
winter after being set out, by wrapping with burlap, heavy paper, or 
straw. . 

Professor Forbes finds (see p. 19) that young seedlings are often 
killed by alkali where offshoots and old palms grow all right. Strong 
alkali is probably injurious also to offshoots just striking root, 
and the following method of preventing the rise of alkali, communi- 
cated by Professor Forbes, may be advantageously followed in all 
cases where there is danger to be apprehended from this source: 
Throw up a high border on each side of the rows, running in both 
directions, thus creating a square inclosed space about each palm. 
This space may be flooded from the irrigating canals with fresh water, 
which carries away the salts accumulated near the surface down to 


4Forbes, R. H. Twelfth Annual Report, Arizona Experiment Station, p. 317. 
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lower level beyond the reach of the young roots. The area about the 
offshoot inclosed by the borders should then be covered with straw to 
a depth of a foot. This mulch will hinder evaporation and thereby 
restrict the rise of alkali, since each application of water washes the 
alkali down anew and the mulch continues to act as a check on evapo- 
ration. Such a method of planting should be adopted in those parts 
of the Salton Basin where there is danger of a rise of alkali from the 
subsoil. 
DISTANCES BETWEEN TREES. 


The Arabs almost invariably plant the date palm without any attempt 
at placing the young offshoots in definite order. The result is, it is 
almost impossible for them to be sure of planting the trees at any con- 
stant distance from each other, some being close together, others wide 
apart, as can be seen in Plates XII and XIII. 

The unsystematic and frequently careless methods employed by the 
Arabs in the culture of the date palm can not be taken as models to be 
followed in introducing the date industry into the Southwest; we should 
rather follow the example of the French colonists in the Sahara, who 
plant the date palm in regular rows (see Pl. XVII, fig. 1), and have, 
as a rule, definitely planned and carefully executed systems of irriga- 
tion and drainage. Although the Arabs plant the date palms very 
close together, the French have found it advisable to place the trees 
wide apart, and many of the French colonists regret having placed 
the trees only 20 or 22 feet apart, their opinion now being that date 
palms should be planted from 26 to 33 feet from each other. 

Ben Chabat, an Arab, who is considered an authority on date cul- 
ture, makes two date palms speak together; one says to the other, 
**’Take thy shadow away from mine and I will produce alone for us two 
together”’“—expressing the idea that too close planting is dangerous. 
At 26 feet apart, which may be taken as an average distance, about 60 
palms would be planted on an acre. If the palms are put 30 feet or 
more apart other crops can be grown between the trees even when old. 

The amount of irrigation water available during the hot season and 
the value of land are factors which must be considered in deciding 
at what distance the offshoots should be planted. In general the far- 
ther apart the palms are, the more heat and light each receives, and 
the better and the more abundant is their fruit. 

Even when planted 26 feet apart or less there are, of course, large 
strips which lie unused between the palm trees for the first ten or 
twelve years after planting. It has become a common practice in the 
Algerian Sahara, copying to some extent after the Arabs, to plant 
garden or field crops between the trees until the palm trees become 
large enough to shade the ground. In case the soil is alkaline, it is 


@Masselot, F. Bul. Direction Agric. et Comm., Tunis, vol. 6 (1891), No. 19, p.128. 
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frequently impossible to grow any crop until two or three years of 
abundant irrigation, coupled with a good system of drainage, have 
washed the alkali out of at least the top layers of the soil. Barley is 
usually the first crop grown on alkaline soil. After barley has been 
grown a year or two, the abundant irrigation being, of course, kept 
up, the land usually becomes freed from alkali sufficiently to permit 
horse beans, cowpeas, beets, and other garden crops, and, what is of 
more importance, alfalfa, to be grown. This Saharan alfalfa (see PI. 
XVI, fig. 2), although refusing to grow on soil which produces a fair 
crop of barley, is, nevertheless, able to withstand without injury « 
percentage of alkali in the soil which would prevent the growth of 
ordinary alfalfa.¢ 


PROPORTION OF MALE TREES THAT SHOULD BE PLANTED. 


It has been found in the date plantations of the Sahara that for 
every hundred date palms there should be at least one male tree to fur- 
nish pollen for use in fertilizing the flower clusters in spring. There 
is already a large number of male date palms in Arizona and Cali- 
fornia, so that it has not been thought necessary to introduce more 
than a very few from the Old World. The ratio of one male for every 
hundred female palms applies only in the Sahara, where it is possible 
to secure male palms known to flower at the right time to be used in 
pollinating. It often happens that many of the seedling male plants 
flower too late to be of any use.’ It does not interfere so much with 
the usefulness of a male date palm to have it bloom too early, since 
the bunch of male flowers can be preserved for some weeks without 
serious deterioration. In view of these facts it will be advisable in 
starting any plantations to put out at least one male palm for every 
fifty females, or better, one male for every twenty-five females. It 
will be desirable also to secure offshoots from different male trees in 
order to avoid getting male trees all of one kind, which might be 
found to bloom at the wrong season. In case no offshoots of male 
trees can be secured, a few seeds may be planted and the male palms 
saved to furnish pollen. When the trees begin to flower it will be possi- 
ble to see readily which male trees flower at the right season; the 
others can be destroyed and offshoots from female trees planted in 
their places. 


« After much correspondence with the Arab caids in the interior of the Sahara, a 
small quantity of the seed of this valuable alfalfa was obtained for the writer in the 
spring of 1901. It is earlier than ordinary alfalfa and resists heat and alkali better. 
It has been planted in the Cooperative Date Garden at Tempe, Ariz., and it is hoped 
that it will prove as valuable in the Southwest as it is in the Sahara. 

> Out of six date palms which had flowered up to 1898 at the San Joaquin Valley 
substation of the California Experiment Station, three were female and three male, 
but two of the male palms did not flower until the female trees had ceased blooming. 
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Some male trees produce more pollen than others, and are much 
preferable to use in pollinating. When once good sorts of males are 
found they should be propagated by offshoots in the same manner as 
the female plants. In most parts of the Algerian Sahara no particular 
attention is paid to the propagation of suitable male palms, and in 
consequence pollen is sometimes scarce early in the flowering season 
and again later on, which often renders it necessary to procure pollen 
from neighboring orchards or even from other oases, sometimes at 
considerable trouble and expense. In Tunis there is a male variety 
propagated by offshoots catled the Deglaoui used to pollinate late- 
blooming sorts. Another called the Dakar majahel was secured by 
Mr. D. G. Fairchild in Egypt, and has been sent to the Cooperative 
Date Garden at Tempe, Ariz. It is said to be the only male palm 
which produces pollen at the right time to be used on all of the eight 
rarieties of female dates grown about Ramley, Egypt. 

The chief requisite of a male date palm is that it shall produce an 
abundance of pollen at the right time to be used in pollinating the 
female sorts that are grown. If date palms were propagated from 
seed, and still more if any attempt should be made to breed new and 
better sorts, it would be very desirable to secure male sorts capable of 
transmitting desirable characteristics to their offspring. (See p. 20.) 

Schweinfurth has recently put forth the claim“ that the male sort 
used for pollinating the flowers has a decided influence on the shape 
and, what is more important, on the size of the seed of the dates which 
result. If this were trie it would be very important to secure male 
sorts which when used for pollination would produce small seeds. 
Schweinfurth’s supposition is, however, without doubt erroneous, for 
in spite of his assertion that the observed variability of the seed in 
dates of the same variety? is a proof of the effect of the different sorts 
of pollen used to fertilize the flowers, the fact is that the seeds of any 
one sort are so uniform in size and shape as to furnish good characters 
for use in distinguishing varieties, and are regularly so employed by 
both Europeans and Arabs. The only part of the seed which could 
be affected directly by the male parent is the embryo, which in the 
date occupies so small a fraction of the bulk of the seed that it is not 
surprising that there is no observable effect of the pollen on the seed 
and much less on the pulp which surrounds it. 


“Schweinfurth, Dr. Georg. Ueber die Kultur der Dattelpalme. In Gartenflora, 
vol. 50, 1901, p. 513. 

b Naturally the seeds are not all exactly alike, even on the same tree, and some 
varieties of dates have seeds which vary appreciably in shape and even in size; but 
this range of variation is itself a varietal character. Of course the incorrect identifi- 
cations of dates often made offhand by the Arabs may easily lead to erroneous ideas 
as to the extent of variation in a sort through a confusion of varieties similar in 
external appearance, but differing in seed characters. 
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Male date palms generally have stouter trunks and more leafy 
crowns than female trees (see Pl. V, fig. 2), and some have said that 
even the young plants could be distinguished—a matter of much im- 
portance where dates are propagated from seed, when it is desirable 
to recognize and destroy as soon as possible the superfluous male 
plants. It has not been found possible to depend on any of the signs 
given for distinguishing young male plants, and they can be recognized 
with certainty only when they are in flower. An inspection of figure 
3 on Plate VII will show how different the male flowers are from the 
female and render it easy to determine the sex of the palms as soon 
as they show flowers. 


CARE TO BE GIVEN DATE PALMS. 


The chief care required by date palms is that they be irrigated as 
often as needful. The soil should be kept in a proper state of tilth, 
which is usually done by growing some crop between the rows, espe- 
cially when the palms are young. The leaves are trimmed off as they 
die, and care is taken not to allow too many offshoots to grow at the 
base of the stem, for they draw on the strength of the parent plant. 
In general not more than three or four offshoots should be allowed to 
grow at once. At least one should always be left attached to the 
mother plant to be used to replace it in case of accident.@ 

Old palms, ten to fifteen years after planting, which have developed 
a good trunk 4 to 10 feet high, do not produce offshoots, and such trees 
require no attention other than the cutting away of the dead leaves, 
the pollination of the flowers, and the gathering of the fruit. 


THE AGE AT WHICH DATE PALMS BEGIN BEARING. 


The age at which palms come into bearing depends much upon the 
climate and soil; where planted in rich soil, watered abundantly, and 
where the summer heat is intense and long continued, the date may 
begin to fruit when very young. Trees have been known to bear in 
Arizona within four years after the seed was planted; however, such 
palms are too small to bear more than a very few fruits, and seedling 
trees are generally considered not to yield paying quantities of fruit 
until they are at least 6 or 8 years old (see Yearbook, 1900, Pl. LVI, 
fig. 1). When date culture is practiced scientifically, practically no 
seedlings are grown, but instead orchards are started by planting 
fairly large offshoots, which soon strike root, and which often bear 


@Many valuable seedling dates have been lost in this country because the suckers 
were kept closely trimmed off until the trees were in bearing. Only then was their 
value discovered after it was too late to propagate them. If an offshoot is always 
left attached at the base of the palm it may in turn be allowed to produce suckers 
after the parent plant ceases to produce them, and in this way a continuous supply 
of offshoots may be produced even at the base of old palms, and no variety need be 
lost. 
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abundantly four or five years after being transplanted (see Pl. XXII). 
However, in the large plantations made in Algeria by the French col- 
onists it is not considered advisable to allow the palms grown from 
offshoots to bear fruit until five or six years after they are set out, 
and the trees are not in full bearing until eight or ten years after 
they are planted. They continue bearing, if well cared for, until they 
are a hundred years or more old, a good tree producing an average 
of from 60 to 200 pounds of fruit a year,’ although some trees have 
been known to produce as much as 400 or 600 pounds’ when grown in 
rich soil and abundantly irrigated. The tree shown in a previous 
paper (Yearbook, 1900, Pl. LYVII, fig. 1) is a demonstration of the 
sapabilities of Arizona as a date-producing country. It was only 8 
years old from the seed when photographed, and yet bore some 400 
pounds of dates. Again, an Amreeyah palm, grown from an offshoot 
imported by the Department of Agriculture from Egypt in 1889, 
yielded in 1900 over 300 pounds of dates (see Yearbook, 1900, PI: 
LXII, fig. 1). A little palm growing on the grounds of the University 
of Arizona, at Tucson, where the winters are often cold, bore, never- 
theless, when it had been transplanted five years, two bunches of fruit 
weighing together some 30 pounds (see Yearbook, 1900, Pl. LVI, fig. 
2). The large Deglet Noor palm growing at Biskra, Algeria, shown 
in the foreground of Plate LX, Yearbook, 1900, bore over 15 bunches 
of fruit, and the young Deglet Noor palm shown in Plate XXII, 
grown from a sucker set out only three years before, bore 3 bunches 
of fruit. 
POLLINATION OF THE DATE PALM. 


In a wild state the date palm is undoubtedly pollinated by the wind, 
and about one-half of the trees are males. It is probable that pollina- 
tion would be incomplete unless the proportion of male trees was 
something like one-half, for, although enormous quantities of pollen 
are produced, only a very small part of wind-blown pollen ever reaches 
the female flowers. The artificial pollination of the date palm was 
doubtless discovered by the ancient Assyrians, and has been practiced 
probably for three or four thousand years at least. Because of the 
great economy of pollen brought about by this practice, one male 
tree suflices to pollinate from fifty to a hundred females. 

The male flower cluster of the date palm consists of a stalk bearing 


aM. Masselot has published a list of all the important varieties of dates grown in 
the Tunisian Sahara (Bul. Direc. Agric. et Comm., Tunis, Vol. 6, No. 19, Apr., 1901), 
and gives the average yield per tree of 92 sorts. The Loozee variety has the lowest 
average yield, 55 pounds, and the Areshtee and Hamraya the highest, 220 pounds; 
the average yield of all the 92 varieties is 116.5 pounds per tree. 

>In the oasis of Tebbes, the northernmost in Persia, it is reported that a full-grown 
tree may yield 200 man (of 33 pounds). Bunge, Petermann’s Mittheilungen, 1860, 
p. 214. 
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a considerable number of short twigs to which the flowers are attached, 
the whole contained in a sheath at first entirely closed, but which finally 
ruptures, disclosing the flowers. (PI. VII, figs. 1 and 3.) The Arabs 
cut the male flower clusters from the trees shortly before the flowers 
have fully opened, at a somewhat earlier stage than shown in Plate 
VII, fig. 1. The separate twigs to which the male flowers are attached 
(Pl. VII, fig. 3, twig below) are from 4 to 6 inches long, and bear 
anywhere from 20 to 50 male flowers, each 
containing 6 anthers full of pollen. One of 
these twigs suffices to pollinate a whole 
female flower cluster, and to bring about the 
development of a bunch of dates. 

The female flowers, like the male, are borne 
inside of sheaths which are at first entirely 
closed. Finally the sheath is split open by 
the growth of the flowers within (PI. VII, 
fig. 2, twig to left), and at this stage pollina- 
tion is accomplished. The two tips of the 
cracked-open sheath are separated and the 
cluster of female flowers pulled out. (PI. 
VIL, fig. 3.) <A twig of male flowers is then 
inserted into the cluster of female flowers 
and tied in place with a bit of palm leaf or 
with a string. (Fig. 2 and Pl. VIII, fig. 4.) 
This completes the operation of pollination. 
The fruit cluster soon begins to grow rapidly, 
and in afew weeks the piece of palm fiber 
or thread with which the male flowers are held 
in place is broken by the pressure of the grow- 
ing fruit cluster. Such a fruit cluster, still 
confined, but which will shortly break the 
fiber, is shown in figure 1 (p. 16). 

In the Algerian Sahara the date begins to 
flower in April, and sometimes produces ,,. 5 pate fower cluster after 
flower clusters as late as June 1. The female artificial pollination; a sprig of 
flower clusters, which may be from five to Fee ine tome fevons nad 
twenty in number on a single tree, are not all _ tied fast with a palm-leaf fiber. 
_ produced at the same time. It is necessary SES ace OR 
in consequence to pollinate each flower clus- 
ter as it appears, and sometimes an interval of several weeks elapses 
between the appearance of the first and last flower clusters, so the 
trees must be ascended several times. The Arabs are very expert in 
doing this work and seldom overlook a tree, even where the paims 
are planted without any order; indeed, they rarely miss even a single 
flower cluster. It requires some skill to climb a tall palm tree, as 
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the trunk below is very smooth and it is diflicult to pass between the 
stalks of the lower leaves in order to get at the flowers, since these 
leafstalks are armed with sharp, rigid thorns. (Fig. 1, p. 16.) The 
Algerians use no rope or other apparatus to ascend the trees, but 
climb up with their bare hands and feet. (PI. VIII, figs. 1 and 2, and 
Pl. XIII.) 

When date culture becomes an important industry in the South- 
western States it is probable that American ingenuity will devise meth- 
ods of simplifying the work of pollination. For example, it would be 
easy to find means of marking the trees, and also the flower clusters, 
to show which have been pollinated. It might be possible, for instance, 
to tie the male flowers in-place with a bright-colored strip of cloth, 
which would make it easy to see whether all the flower clusters had 
been pollinated or not. It is possible that in some places Indians will 
be able to take the place of the Arabs and do this work efficiently. , It 
is absolutely necessary to pollinate all the flowers in order to secure 
dates of a good quality, although the dates do not fall off even if the 
flowers are not pollinated. 

About the end of June, by which time the fruits are of some size, 
three fruits will have developed from each flower. ‘Then occurs a 
remarkable phenomenon. If the flowers have been pollinated, two of 
the three fruits fall, leaving a single date for each flower. If, on the 
contrary, the flowers have not been pollinated, all three dates remain 
attached and continue to grow, becoming closely crowded together and 
somewhat deformed. Such dates are without seeds, but never prop- 
erly mature, and are entirely valueless.“ This peculiar behavior of the 
date palm enables the cultivator to tell by inspection which bunches 
have been pollinated and which have escaped attention, and the cutting 
away of the excess of bunches from too heavily laden trees should be 
postponed until this time, when it is possible to tell which bunches 
will mature perfect fruit. As a rule, only one or two clusters should 
be left on the young date palms which have just begun to bear, and 
only eight or ten even on old trees. Some varieties do not require 
much thinning, as they do not produce more bunches than they can 
nourish properly, whereas other sorts produce twice as many as the 
tree can support. 

It sometimes happens that some of the female flowers appear in 
spring before any of the male trees have blossomed. To provide a 
supply of pollen for such flowers the Arabs make a practice of keep- 
ing a few bunches of male flowers from the previous year, which are 
placed in tight paper bags and hung up in a cool, dry place. The pol- 
len is said to keep without deterioration for at least two years. The 
importance of securing male trees which flower at the right time has 
been noted on page 24. 


@Such unpollinated dates have sometimes been supposed by inexperienced observers 
to be a superior variety because of their seedlessness. 
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By an inspection of Plate VII, figure 3, it will be easy for those who 
possess seedling date palms to determine the sex of the plant as soon 
as any flowers are formed. Superfluous male trees can then be 
destroyed and replaced by female trees before they have reached a 
large size. In case of gardens where there are a few female date 
palms and no males available to furnish pollen, it will be necessary to 
secure pollen from a distance—not a difficult matter, since male flowers 
can be shipped anywhere without deterioration if protected against 
loss of pollen. 

After irrigation the labor of artificial pollination is the most impor- 
tant required in a date orchard. The irrigation, however, is very 
nearly such as would be given to any fruit trees, whereas the process 
of pollination is one that is not required by any other commonly cul- 
tivated tree. It should, however, be remembered that for the first 
ten or fifteen years after date palms are planted the flowers are so 
near to the ground that artificial pollination is performed very easily. 
The operation becomes difficult only when the palms are old and very 
tall. 


GATHERING, CURING, AND PACKING DATES. 


Some varieties of dates require practically no curing, being ready to 
pack and ship as soon as they have ripened. Other varieties, however, 
require some preparatory treatment. Dates are borne in bunches, 
which have a single stem with numerous slender twigs to which the 
fruits areattached. (Pls. [LX and XXII.) A bunch carries from 10. to 
40 pounds. It is very rare that all the dates ona bunch ripen at once, 
and in the case of choice varieties those which first ripen are fre- 
quently hand picked and shipped at once in order to get the high 
prices paid for the earliest shipments. It is also asserted that picking 
the outer dates of the bunch, which usually ripen first, permits the 
inner fruit to ripen better. Usually the whole bunch is cut off and 
hung up in a dry and shady place when most of these dates are ripe 
and the remainder beginning to ripen. It has been found necessary 
to remove any dates which have begun to spoil before the bunches are 
hung up, for if such dates are left the whole bunch may spoil. Usu- 
ally within a week or two all of the dates ripen,“ and the bunch is 
ready for shipment. 

The choice varieties of dates are shipped from the Sahara either in 
bags or more often in long wooden boxes. They are afterwards 


“In case the dates do not mature because of an exceptionally cool summer, or in 
regions where the summer heat is inadequate, they can be ripened artificially after 
being picked by exposing them to the sun during the hot part of the day spread out 
on blankets, and storing them indoors at night wrapped up in the blankets on which 
they have been exposed during the day. Mr. Hall Hanlon, near Yuma, Ariz., often 
ripens considerable quantities of dates in this manner, which is that followed in 
northwestern Mexico (see p. 135). 
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repacked in smaller boxes, holding from two-thirds of a pound to 10 
pounds. (Fig. 5,p. 34,and Pl. X.) The methods above outlined apply 
to the Deglet Noor, which is the variety chiefly exported from Algeria 
and Tunis to Europe. Other varieties, such as the Rhars, which are 
full of sugary juice when ripe, are not so easily handled. The Arabs 
usually hang up the bunches and allow the juice to drain off into jars. 
This juice, which they call date honey, is preserved and used, and the 
fruit, when it has become somewhat dry, is then packed in boxes or 
more often in skins. Dates of this class are usually packed tightly, 
and may keep for many years without deteriorating. Somewhat the 
same style of packing is practiced at Bassorah and Maskat in Arabia, 
whence come most of the dates received in American markets. There 
the dates are packed tightly in layers in wooden boxes for export to 
America and Europe. The dates containing an abundance of sugary 
juice have the disadvantage of being sticky when unpacked, and are 
not suitable to serve as a dessert fruit. As before mentioned, the 
Deglet Noor does not have this drawback if properly handled. — It has, 
however, the defect of drying rather rapidly, and from the very fact 
that it is not tightly packed in boxes it doubtless dries all the quicker. 
With reasonable care, however, it can be kept for some months in a 
cool, dry, well-ventilated storeroom, and probably no other dried fruit 
having a value comparable to the Deglet Noor date can be put on the 
market with so little labor or at so little risk of loss. Practically the 
only hand labor required is that of arranging the dates in layers in 
the smaller boxes in which they are sent to the retail trade. 


TYPES OF DATES AND VARIETIES SUITABLE FOR CULTURE IN 
THE UNITED STATES. 


THE THREE TYPES OF DATES. 


Of the three principal types of dates cultivated by the Arabs, only 
one is exported to Europe and America. This comprises the dates, so 
familiar to us, called by the Arabs ‘‘soft dates.” They contain some- 
times as much as 60 per cent of their weight of sugar, and are, in fact, 
candied on the tree, being preserved from decay by the enormous 
amount of sugar they contain. They contain more or less of a sirupy 
juice, which is in some varieties so abundant that it must be allowed 
to drain off before they can be packed. 

The second type comprises sorts very like those just mentioned, but 
having a much lower percentage of sugar—not enough to keep them 
from fermenting and turning sour. They do not dry readily and are 
usually eaten fresh from the tree as a table fruit, being more like 
erapes than like ordinary dates. The very early sorts are of this cate- 
gory and do not stand shipment to long distances, though they will 
prove of great value for home consumption and may be sold on the 


TYPES OF DATES. 31 


local markets. The Wolfskill date (see fig. 3) from Winters, Cal., 
one of these sorts, as is also the Amaree, the earliest date beans in ie 
western Sahara, which has been recently introduced into Arizona. 
The third terry embraces what are known to the Arabs as ** dry 
dates.” These are almost entirely unknown to Americans or Kuropeans, 
but are very much esteemed by the Arabs, who consider them to be 
better for every day consumption than the soft dates, which latter they 
regard rather as a luxury than a staple food. ‘These dry dates are not 
at all inclined to be soft or sticky when ripe, and are frequently so 
hard as to be difficult to eat. They are said to drop to the ground as | 
they ripen, and are gathered by simply picking them up from beneath 
the palms as they fall. If stored in a dry place and protected from 
weevils, they may be kept for years without deteriorating. Dates of 
this type are as yet wholly unknown in our markets, but inasmuch 
as they are often of excellent flavor,“ and are cleaner, Kee p better, and 
are more easily gathered and packed, they can be old cheaper than 
soft dates. It is not unlikely that the best sorts of dry dates may 
become favorably known and may be eaten in place of Deglet Noor 
dates as a dessert fruit, especially 
when the latter sort is out of sea- 
son; say, from April to October. 
Mr. O. F. Cook suggests that 
dry dates may attain popularity 
as a result of the modern ten- 
dency toward the use of nuts, 
cereal preparations, and other , 
foods which do not require cook- 3,4. 3, worfskit! dates grown at Winters, Cal. 
ing, since they would be prefera- 
ble to the sweeter soft dates as a regular article of diet, and could be 
had at any time of the year in prime condition. 


VARIETIES OF DATES SUITABLE FOR CULTURE IN THE UNITED STATES. 


When the writer made his last journey to the Sahara in order to 
secure offshoots for planting in the Cooperative Date Garden at Tempe, 
in Arizona, and even when his first report? on the date palm was pub- 


— —- — 


aA Soha whieh Saas dry dates of ae estib at quality, though of rather small size, 
was imported by the Department of Agriculture in 1889, and has fruited for some 
years in the Salton Basin in southeastern California at Coachilla. This palm is 
probably a seedling and not an offshoot of a named variety as was at first supposed; 
it may be called the Coachilla date, and has fruits about 1} to 13 inches long and 
five-eighths inch wide. They are brownish amber in color, much wrinkled, and 
have a dull meal bloom on the surface. The seed is small, light gray in color, blunt, 
and with a more or less evident furrow on the back. The flesh, though hard, is 
free from fiber and of very good flavor, with a persisting and agreeable aftertaste. 

b“The date palm and its culture,’’? Yearbook of the Department of Agriculture, 
1900; also reprinted and distributed separately, 
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lished, it was doubtful whether the best late-ripening sorts of dates 
could succeed in any of the arid regions of the Southwest which had 
then been irrigated, and consequently particular attention was given 
to early-maturing sorts, sure to ripen fully in most parts of Arizona 
and California. Many early sorts have been secured by the writer 
from the Sahara, among them the Amaree, Tedmama, Areshtee, Hal- 
looa, Teddala, Timjooert, Rhars, ‘Tennessin, and Bent Keballa, and 
Mr. D. G. Fairchild has recently secured the Hayani, the earliest sort 
grown in lower Keypt. Several medium or early sorts already exist 
in California and Arizona—among others the Seewah, imported from 
Keypt by the Department of Agriculture some thirteen years ago, and 
a number of seedlings which have originated in this country, such as 
the very early Wolfskill (see fig. 3), the moderately early Lount No. 
6, and the Bennet date (see fig. +), which latter has a remarkably low 
proportion (1 to 11) of pit to flesh. With so many early 
and medium sorts to choose from, it is probable that 
some can be found capable of ripening all along the 
northern range of date culture in Texas, New Mexico, 
and Arizona, and throughout the interior valley region 
of California. 

The Rhars, in particular, is a promising variety for 
cooler climates, as the fruit ripens very early and is of 
good quality, while the plant is very vigorous and easily 
POM acy propagated by offshoots. Its principal drawback is that 

date, from Phoe- the fruits are sticky, being so full of sirupy juice that 

nis, they are difficult to cure, and must usually be packed 
closely in skins or boxes for shipment. It is not improbable, how- 
ever, that a good system of curing and packing would get rid of this 
sirup and leave the dates in a condition like that of the oriental dates 
commonly sold in America. 

A large number of the offshoots of the Rhars variety was obtained 
in 1900, part being sent to California and part to Arizona. 

The Rhars offshoots planted at Tempe in July, 1900, have made a 
remarkable showing; nearly 10 per cent of the plants (17 out of 176) 
flowered and bore a small crop of fruit only two years after being set 
out. ‘‘The Rhars proved to be an exceedingly sweet, tender-skinned 
date, maturing in September and October, and can probably be grown 
in cooler localities than Salt River Valley.”¢ Professor Forbes writes 
that, ‘*judging from preliminary experience, the Rhars seems to be a 
good commercial date, being very sweet, and drying in ten days. to 
two weeks time to a firmness permitting of packing ‘and shipping. 


«Forbes, R, H, Thirteenth Annual Report, Arizona Experiment Station, 1902, 
p. 243. 
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They seem to be dry enough to pack when they are down to about 85 to 
80 per cent of their fresh weight.” “ 

The Teddala is another early sort, having a great advantage over the 
Rhars in that its fruits can be cured without difficulty. This variety 
was brought into notice by M. Yahia ben Kassem. It is a very large 
date, often 8 inches long, and ripens about the same time as the Rhars. 
It is as yet but little known, even in North Africa, but is a very 
promising sort. The palm is exceedingly vigorous and bears large 
crops of fruit. This variety is now growing at Tempe. 

It has been noted on page 61 in treating of the heat requirements of 
the date that hardy rather than early sorts are needed for southern 
Nevada and southwestern Texas, where the summers are long enough 
and hot enough to ripen even late sorts, but where the winters are 
sometimes very cold. 

Now that considerable areas in the Salton Basin have been put under 
irrigation, there is at last open to our enterprising fruit growers a 
region superior to most parts of the Sahara for date culture, in which 
even the latest and best sorts will ripen perfectly. It now becomes of 
great importance to secure these late varieties for trial, as they com- 
prise the choicest sorts which bring the highest prices on the American 
and European markets. 


THE DEGLET NOOR DATE. 


Among these late sorts one in particular is worthy of special men- 
tion, the famous Deglet Noor.? | : 

This sort is of medium or large size, oval in outline, dark amber 
colored, and translucent, with a small, pointed pit. The flesh is firm, 
very sweet, and of exquisite flavor and aroma. This date, if properly 
handled, remains clean, with the skin smooth, unbroken, and dry, so 
that when served as a dessert fruit it has a most appetizing appear- 
ance, very unlike the ordinary sticky, misshapen dates from the Per- 
sian Gulf region. A bunch of dates showing how the dates are 
attached is represented on Plate X XII (see also Yearbook, 1900, PI. 
LX), while several dates and a few pits, all natural size, are shown 
on Plate IX. 

The palm which produces these dates has a slender trunk, bearing 
long, narrow leaves, which stand more upright than those of most 
other sorts. The bunches of fruit have long, slender stems, which allow 
them to hang down when the dates are ripe (PI. XXII). The slender, 
upright leaves give this variety a characteristic appearance, which 
enables it to be recognized easily even when growing with other sorts. 


@¥orbes, R. H., in letter to the writer, dated Tucson, January 9, 1903. 
bIn French orthography Deglet Nour; also called Deglet en nour, or Deglat ennour. 
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‘The fruits undergo no special preparation for the market, but are 
simply sorted and packed carefully in boxes suitable for the retail 
trade. Such boxes are shown in figure 5and on Plate X. They contain 
from two-thirds of a pound to 11 pounds, and are especially in demand 
in Kurope for the Christmas markets. The smaller boxes usually reach 
the larger markets of this country in January and sell at from 30 to 40 
cents each retail, or at the rate of 45 to 60 cents a pound for the dates. 
‘The writer was assured by some of the largest producers in Algeria 
that the supply did not equal the European demand and that large 
American orders were refused, while, on the other hand, at one of the 
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Fic. 5.—Deglet Noor dates from the Algerian Sahara, showing methods of packing for retail trade. 


largest wholesale and retail groceries at San Francisco it was said that 
any quantity could be sold at 35 cents a box (50 cents a pound), if they 
could be secured before the holidays. At the same time, selected 
Smyrna figs were selling in 1-pound boxes for 30 cents. It is clear 
that this date has little in common with the sorts which reach our mar- 
kets in bulk from Bassorah, at the head of the Persian Gulf, and from 
Maskat, Arabia. If these Deglet Noor dates could be sold for half 
what they now bring (which would still be about five to ten times the 
wholesale selling price of this sort in the Sahara), the consumption 
could be enormously increased in this country, as they would not 
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compete with the common dates, but would be used as a choice dessert 
fruit and for confectionery. 

The Deglet Noor is a very late variety, which requires an enormous 
amount of heat in order to mature proper ly. It does not succeed very 
well at Biskra, and only in the interior of the Sahara, where the sum- 
mer temperatures are higher, is it of the best quality. The finest 
Deglet Noor dates are produced in the sunken gardens ** ghitan” (fig. 
8, p. 69) of the Souf country in the Algerian Sahara (see map, Pl. H, 
p. 76), where the heat is doubled by reflection of the sun’s rays upon 
the leaves from the sides and from below, by the sloping sandy sides 
of the excavations, in the bottom of which the date palms are planted. 
As is shown in considering the heat requirements of the date palm 
(pp. 67-69), this sort may not be able to ripen fully in the Salt River 
Valley, Arizona, but it will surely attain the most complete maturity 
in the Salton Basin and will probably ripen earlier there than in the 
Sahara, which will allow the dates to be placed on the markets in 
ample time for Christmas, while in the warmest situations hand- 
picked dates probably can be shipped for Thanksgiving. The cer- 
tainty that this choice variety can now be grown in the United States 
adds a new interest to date culture, and doubtless many progressive 
fruit growers will soon be planting Deglet Noor date palms, the cul- 
ture of which gives every promise of being exceedingly profitable (see 
p. 136). A full-grown Deglet Noor date palm has been variously esti- 
mated to yield from 40 to 60 kilos (88 to 132 pounds) a year on the 
average, and certain trees in the sunken gardens of the Souf country 
in the Sahara yieldas much as 330 poundsof fruit. In the Oued Rirh 
country the yield is irregular and a good crop is said to be followed by a 
poor one and then by a moderate one, making one good and one medium 
crop every three years. It has been found by the French companies 
that of the dates yielded by the Deglet Noor palm about one-fourth 
are of the first grade, suitable for packing in small wooden boxes (see 
fig. 5, p. 34, and Pl. X), holding from 43 to 11 pounds, about one- 
third are second grade and are packed in the two-third pound oval 
paper boxes, such as reach our markets, and the remainder, a trifle 
over one-third, are third-class dates to be sold in bulk. 

Unfortunately the Deglet Noor variety does not produce very many 
offshoots and does not grow so rapidly as do most of the less valuable 
sorts. In 1900 the writer secured 87 offshoots of the Deglet Noor, 
which were planted at the Cooperative Date Garden at Tenipe, Ariz. 
(See Pls. XXI and XXII). Of these 47 are now alive and growing 
and in a year or two it will be possible to state with certitude whether 
this valuable variety will mature in the Salt River Valley.“ 


@One Deglet Noor palm at Tempe bloomed in 1902, but did not mature its fruit 
successfully. (R. H. Forbes, Thirteenth Annual Report, Arizona Experiment Sta- 
tion, 1902, page 243.) Several bloomed in 1903, but still no fruit matured. 
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It would be desirable to test this sort in the Salton Basin, and if pos- 
sible some offshoots will be secured by the Department of Agriculture 
directly from the Sahara, since it will be some two or three years 
before any can be taken from the plants now growing at Tempe.4 

The Deglet Noor is by no means common in the Sahara, and according 
to Masselot? it was carried about two hundred and forty years ago from 
the oasis of Temassin near Tougourt, where it originated, to the oases of 
southern Tunis. It had then been known in Temassin only about sixty 
years, so the variety is about three centuries old. Masselot gives the 
following account of its origin as told by the Arabs: ‘*A revered saint, 
Lella Noora, had the habit of making daily ablutions at a point in the 
oasis of Temassin called * Blidet-Amar.’° A seed sprouted fortuitously 
at this point and produced a palm of a new sort of degal (soft date) 
which was called degal ennoura or deglat ennour in remembrance of 
the saint.” Most authorities derive the name from the Arabie noor 
light” and ** degal” or ‘* deglet,” ** soft date,” meaning ‘* the date of 
the light” or ** the transparent date.” This is considered by Masselot 
as an error, as some other sorts are more transparent; he maintains 
that the name means simply ‘* Noora’s date.” 


THE KHALAS DATE. 


Mr. Fairchild has also very recently (summer of 1902) secured at 
Bahrein offshoots of the famous Khalas, a date from the province of 
Lahsa or Hassa in eastern Arabia, near the Persian Gulf. Cuinet,?@ 
in his celebrated work on Turkey, refers to it as the most delicious of 
known dates. 

The celebrated traveler Palgrave mentions this variety as occurring 
in the province of Hassa between Hofhoof and Mebarraz in east-central 
Arabia, and says :° 

Here and for many leagues around grow the dates entitled ‘‘ Khalas’’—a word of 
which the literal and not inappropriate English translation is ‘‘ quintessence ’’—a 
species peculiar to Hassa, and the facile princeps of its kind. The fruit itself is rather 
smaller than the Kassem date, of a rich amber color, verging on ruddiness, and semi- 
transparent. It would be absurd to attempt by description to give any idea of a taste, 
but I beg my Indian readers at least to believe that a ‘‘Massigaum’’ mango is not 
more superior to a “‘Jungalee’’ than is the Khalas fruit to that current in the Syrian 
or Egyptian marts. In a word, it is the perfection of the date. The tree that bears 
it may by a moderately practiced eve be recognized by its stem, more slender than 
that of the ordinary palm, its less tufted foliage, and its smoother bark. * * * Its 


« An experimental date orchard has been established very recently in the Salton — 
Basin at Mecca (Walters), Cal. Several large Deglet Noor palms have been trans- 
planted from Tempe to Mecca and many Deglet Noor offshoots have been ordered 
from the Sahara. (See footnote, p. 110.) 

bMasselot, F. Les dattiers des oasis du Djerid. in Bulletin de la Direction de 
V Agriculture et du Commerce, Tunis, vol. 6, No. 19, April, 1901, pages 117-118. 

¢ Bled et Ahmar near Temacin (Map, PI. II, p. 76). 

@Cuinet, La Turquie, Vol. III, p. 233. 

éPalgrave, William Gifford. Narrative of a Year’s Journey Through Central and 
Eastern Arabia, Vol. I, London, 1865, pp. 172-173. 
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cultivation is an important item among the rural occupations of Tassa, its harvest 
an abundant source of wealth, and its exportation, which reaches from Mosoul on 
the northwest to Bombay on the southeast, nay, I believe to the African coast of 
Zanzibar, forms a large branch of the local commerce. ¢@ 

Mr. Fairchild says Europeans and Arabs in that region agree in 
considering it to be the best date in the world. He further says: 

I do not hesitate to pronounce it second or third only to the Deglet Noor, which it 
even surpasses in date flavor. I have always thought the Deglet Noor a most deli- 
‘ate date, but lacking in that indescribable date flavor which characterizes these 
Persian and Arabian sorts. The Khalas is a sticky date, but of most unusual flavor. ? 

In his report on the ‘* Persian Gulf Dates” Mr. Fairchild says: 

The skin is a golden brown and of most delicate texture, covering closely the 
rich golden flesh, which is of exquisite date flavor and with the consistency of 
a chocolate caramel. ¢ 

OTHER PROMISING DATES. 


Among numerous other sorts secured by the writer from various 
regions in the Algerian Sahara and now growing in the Cooperatiye 
Date Garden at Tempe, Ariz., the following are especially noted for 
their superior quality, all being considered by some to equal or to be 
superior to the Deglet Noor in flavor. 

(1) The Teddala, a very large, very early sort from M’Zab in west- 
ern Algeria (see page 33). 

(2) The Iteema, a midseason date, short and round, with soft flesh, 
very sweet, said to keep well; in gent: it is very cidth esteemed and 
is considered suitable for export. 

(3) The Bent Keballa, possibly a large form of the Iteema, consid- 
ered one of the best varieties in M’Zab. 

(4) The Timjooert, also from M’Zab, a medium-sized red date, so 
full of juice that the fruit drips honey from the tree when ripe; when 
properly cured keeps well and is of most excellent quality; flesh gran- 
ular with almost no fibers about the seed; very sweet. 

(5) The Hamraya, a very large, dark-red date, ripening very late; 
flesh free from fiber and of good flavor; in Tunis it is the largest date 
known and one of the two heaviest bearers,” the average yield being 
220 pounds per tree. 

(6) The Mozaty or Mazauty date, from the Pangh Ghur country“ in 
Baluchistan, recently secured by Messrs. Lathrop and Fairchild, has 
been highly extolled. It is said by Risener, in his monogr aph of the 


aMr. D. G. Fairchild reports that eaaiae is a delicate packer aa: is aaa 
never exported except in form of presents. (See Bul. 54, Bureau of Plant Industry, 
U. 8. Department of Agriculture, 1903, p. 25.) 

>Fairchild, D. G. In letter dated Bassorah, February 22, 1902. 

Fairchild, D. G. Persian Gulf Dates and Their Introduction into America. Bul. 
54, Bureau of Plant Industry, U. 8. Department of Agriculture, p. 25. 

“The Areshtee is the other. (See page 26, footnote a. ) 

€Some thirteen days’ caravan journey from the port of Gwadur, on the Guli 
of Oman. 
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date palm, to be ‘the best date in the celebrated date region Pandsch- 
ear.” ‘This variety is reported by Mr. Fairchild to be one of the 
finest in the world; it ‘tis packed in date syrup in small jars and sold as 
a great delicacy in the Kurrachee market.” Such preserved Mozaty 
dates were eaten by Mr. Fairchild in February, 1902, at Kurrachee, 
He says, ** They impressed me as the richest flavored dates I had ever 
tasted.” 


THE ORDINARY DATES OF COMMERCE, 


The standard varieties of dates which are grown along the Shat-el- 
Arab River and which are exported from Bassorah to America and 
Europe in enormous quantities have recently been secured and intro- 
duced into this country by Messrs. Lathrop and Fairchild. The prin- 
cipal varieties grown for export in this region are the Halawi, 
Khadrawi, and the Sayer. Of these the Halawi is doubtless the best; 
it is a medium-sized, rather light-colored, sticky date, and forms the 
best grade of the ordinary dates imported into America. The tree 
erows well on an adobe soil and needs much water. From the region. 
about Maskat Messrs. Lathrop and Fairchild secured the Fard date, of 
which about 1,000 tons a year are exported. It is largely shipped to 
America, but it is darker colored and inferior in flavor to the Halawi 
of Bassorah, according to Mr. Fairchild,’ whose recent bulletin should 
be consulted for a detailed account of the varieties and methods of 
culture observed by him in a trip through the oriental date regions. 


VARIETIES OF DATES THAT SHOULD BE SECURED FOR TRIAL IN THE UNITED STATES. 


There are other very promising late sorts which should be secured 
as soon as possible, even at considerable expense, in order that they 
may be tested in the Salton Basin and in Arizona in comparison with 
the Deglet Noor. 

Among these may be mentioned the Menakher (or Monakhir) of the 
Tunisian Sahara, a variety later than the Deglet Noor, with large 
brown fruits which attain the leneth of the little finger. This sort is 
rare and much sought after in the Tunisian Sahara, where it sells for 
slightly more than the Deglet Noor, which it surpasses in length by 
50 per cent and to which it is by many considered superior in quality. 
The average yield of a Menakher palm is said to be 30 kilos or 66 
pounds, only half the yield of the Deglet Noor. ‘The offshoots are 
more costly than those of the Deglet Noor, selling at from 4 to 6 franes 
each, while those of the Deglet Noor cost only 2 to.3 francs, and the 
ordinary sorts from 1 to 3 francs. 


«@ Fischer, Th. Dattelpalme, p. 26. 

bFairchild, D. G. Persian Gulf Dates and Their Introduction into America. 
Bul. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1903, p. 27. 

¢ Fairchild, D. G. Persian Gulf Dates and Their Introduction into America. 
Bul. 54, Bureau of Plant Industry, U. 8S. Department of Agriculture, 1903, p. 25. 
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Another sort of great promise is the Wahi, of which samples were 
secured by Mr. Fairchild in the market of Fayoum, in west-central 
Egypt. This variety is said to come from the oasis of Seewah, known 
to the ancients as Ammon, or Ammonium, some 300 miles to the west- 
ward, in the interior of the Sahara Desert. The date is brown, less 
transparent than the Deglet Noor, but rather longer and decidedly 
broader; the seed is blunter and much more irregular in outline. The 
flesh is yellowish, granular midway between the skin and the seed, and 
of a most delicious flavor. This date had been gathered and kept, 
with no precautions against drying out, for at least eight months when 
it was received at Washington, but it was still in very good condition, 
except for the attacks of weevils. It seems to be a better keeper and 
to have a higher flavor than the Deglet Noor. Nothing is known as 
to the palm which produces this date, but from the quality of the 
fruit it is presumably a late-maturing variety. 
~ Dates of a superlatively good quality are reported from Morocco, 
and Mr. O. F. Cook” obtained some years ago at Tangiers, from a 


‘European official in the employ of the Sultan, dates which he considers 


superior to the Deglet Noor. These dates were about as long as 
and somewhat thicker than the Deglet Noor, but more wrinkled and 
of a darker color. They were covered with a bloom and were so dry 
that the flesh was firm and not at all sticky. At London a prominent 
produce dealer in Covent Garden market assured the writer that the 
Tafilet dates were better than the Deglet Noors, which are also much 
appreciated in England. Inasmuch as the drier grades of Deglet Noor 
dates are preferred in England, it may be that the Tafilet dates of the 
London markets are the same as the dry variety Mr. Cook secured at 
Tangiers. No good dates are produced west of the Atlas Mountains in 


Morocco, and any sort of superior quality must come from the Moroc- 


can Sahara, very probably from Tafilet, the largest and most impor- 
tant Moroccan oasis, though Mdaghra and Tissini are also reported to 
produce excellent dates. Rohlfs,’? the celebrated African explorer, 
says: ‘‘ The dates of Tafilet are known as the best in the whole desert; 
the varieties Buskri, Bu Hafs, and Fukus are most sought and bring 
the highest price.” 

_ The importance of securing a date possibly superior to the Deglet 
Noor would warrant sending Arab or Berber merchants to these oases 
to investigate the quality of the dates and to secure offshoots of the 
better sorts. In the present unsettled state of trans-Atlasian Morocco 
it would be hazardous for Americans or Europeans to venture there. 

The Mirhage date of Mandalay, some three days’ journey from Bag- 
dad, and the very similar but somewhat inferior Maktum of Bagdad, 


«Oral communication to the writer, 1900. 
>Rohlfs, Gerhard. Tagebuch seiner Reise durch Morocco nach Tuat. In Peter- 
mann’s Greographische Mittheilungen, 1865, Heft 5, p. 175. 
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are considered by Mr. Fairchild as being very promising sorts. The 
Maktum is ‘ta soft, sticky date with a small stone, no fiber, and a 
beautiful golden-brown skin which adheres closely to the golden, 
brownish-yellow flesh.”“ It matures in August. Unfortunately the 
Mirhage could not be secured by Mr. Fairchild at the time of his visit 
to Bagdad in 1902, though he sent the Maktum to this country, where 
it is now growing. 

The dates of Bafk and Terachabad, in Persia; of Medina? and Tur,’ 
in western Arabia; of Kasem, in central Arabia; of Nedjed, in eastern 
Arabia; of Say and Sukkot,’ in Nubia; of Dakhel, in western Egypt; 
of Traghen, in Fezzan; and of Tafilet, Mdaghra, and Tissini, in eastern 
Morocco, have been lauded by experienced travelers, and if possible 
these oases should be visited and offshoots secured of the best sorts, 
since it is now possible to bring even the latest varieties to full maturity 
by planting in the Salton Basin. Heretofore the uncertainty as to the 
possibility of growing the best late sorts has discouraged any attempt 
to obtain the varieties from the more remote regions; but now, when 
date culture is still in its infancy, is just the time when these sorts 
should be secured and tested, in order that no mistakes be made and so 
that only the best sorts be planted out. Once planted, a date palm can 
not be changed to another variety, as can all other ordinary fruit trees, 
for palms can not be grafted or budded. To change the variety it is 
necessary to dig up the old trees and plant young offshoots of the sort 
desired; in other words, to destroy the old orchard and plant a new one. 

In view of the fact that offshoots are now very expensive, and that 
it costs more to plant an acre to date palms than to any other fruit tree, 
and in view of the fact that date palms can be propagated only ata. 
slow rate by removing one or two offshoots annually and can not be 
increased indefinitely by budding or grafting, as with other trees, it 
becomes very important to secure a collection of the best sorts of date 
palms as soon as possible, in order that all the best varieties may be 


«Fairchild, D. G. Persian Gulf Dates and Their Introduction into America, 
Bul. 54, Bureau of Plant Industry, U. 8. Department of Agriculture, 1903, p. 23. 

b‘*The best kind [of Medina dates] is Al Shelebi; it is packed in skins or in flat, 
round boxes, covered with paper, somewhat in the mannet of French prunes, and 
sent as presents to the remotest parts of the Moslem world. The fruit is about 2 
inches long, with a small stone, and is seldom eaten by the citizens, on account of 
the price, which varies from 2 to 10 piasters [about 9 to 43 cents] the pound. The 
tree, moreover, is rare, and is said not to be so productive as the other species.” 
(Burton, Narrative of a Pilgrimage to Mecca, vol. 1, pp. 400-401. ) 

e“The small, yellow dates of Tur * * * are delicious, melting like honey in 
the mouth, and leaving a surpassing arritre gotit.”’ (Burton, Narrative of a Pilgrimage 
to Mecca, vol. 1, p. 204.) 

d‘*In Nubia the dates of Ibrim are celebrated, but still more so those of Sukkot 
and Say, the sweet aromatic Sultani, which attain a length of 3 inches.’’ (Fischer, 
Die Dattelpalme, p. 25.) 
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compared and that there may be time to secure a supply of offshoots 
before the *Srush” begins and whole regions are planted to dates. 
Fortunately it will doubtless be possible to secure the Rhars for the 
cooler arid regions and the Deglet Noor for the hottest deserts in any 
desired numbers when once the demand for the offshoots exists. 


INTRODUCTION OF SAHARAN VARIETIES OF DATE PALMS INTO THE 
UNITED STATES. 


Seedling dates have long been growing in California and Arizona, 
and still longer in Mexico, but only recently have successful importa- 
tions been made of offshoots of date palms, by which alone the varie- 
ties can be propagated. In 1889 the Division of Pomology of the 
Department of Agriculture imported some 59 offshoots from Egypt, 
9 from Algeria, and 6 from Maskat, and, although many were lost, 
those sent to the Arizona Experiment Garden in Phoenix, in the Salt 
River Valley, grew well and fruited at an early age. (See Yearbook, 
1900, Pl. LXII, fig. 1.) It was, however, found that most of the off- 
shoots from Egypt had been falsely named; many bearing the names 
of valued sorts proved to be ordinary males of no value. Some few 
female palms bearing fruit of fair quality were included in the ship: 
ment, however, and the success of these proved the Arizona climate 
and soil to be suited to the culture of at least the Egyptian sorts. 
Prof. James W. Toumey first directed attention to the success of the 
date palm in central Arizona, as evidenced by the production of an 
abundance of fully matured dates, both by the seedlings planted by 
American settlers and by offshoots imported by the Department of 
Agriculture.“ It was the success of these early importations which 
rendered it desirable and feasible to undertake the recent large impor- 
tations of offshoots made in 1899-1900. 

Shortly after the organization of the Section of Seed and Plant Intro- 
duction in the Department of Agriculture in-July, 1898, attention was 
directed to the desirability of securing a large assortment of correctly 
named offshoots, particularly from the Algerian Sahara, whence are 
exported the best dates which reach Europe and America. The Uni- 
versity of Arizona and the Arizona Agricultural Experiment Station 
meanwhile offered to provide a special date garden, and to set out, 
irrigate, and cultivate the palms, if the Department of Agriculture 
would furnish a collection of offshoots of the best sorts of dates grown 
in the Old World. This offer was accepted, and in the winter and 
early spring of 1899 the writer visited, under instructions from the 
Secretary of Agriculture, the oases in the Sahara Desert about Biskra, 
Algeria. A few offshoots were secured and forwarded as a trial 


“Toumey, J. W. The Date Palm. Bul. No. 29, Arizona Experiment Station, 
Tucson, Ariz., June, 1898, pp. 50, figs. 13. 
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shipment, and a large number was contracted for, to be delivered the 
following spring. 

In May and June, 1900, the writer again went to Algeria for the 
purpose of shipping to Arizona the date offshoots previously con- 
tracted for and to purchase such additional offshoots of good sorts as 
could be had. As a result of this second visit 440 offshoots, consisting 
of some 27 varieties, were obtained and shipped (see Pl. VI) to the 
Cooperative Date Garden at Tempe, Ariz., where 384 of the offshoots 
were planted (see tig. 6 and Pls. XXI and XXII). Of the remainder 
21 were sent to Phoenix, Ariz., and 35 to the date gardens at the sub- 
stations of the California Experiment Station at Pomona and Tulare 
and to private growers in California. 


ee 
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Fie. 6.—Cooperative Date Garden at Tempe, Ariz. The offshoots imported from the Algerian Sahara 
in 1900 have just been set out and a workman is planting one in the foreground. From negative by 
Prof. R. H. Forbes, August, 1900. 


This shipment, which was the largest that ever left North Africa, 
came through in two months and arrived in good order. An innova- 
tion was made in packing the offshoots. It had been the custom to send 
them rooted in tubs, entailing the great expense of a year or two of 
care in a nursery to get the plants properly rooted, and then heavy 
freight charges on account of the bulk and perishable nature of the 
plants. The writer shipped the offshoots packed simply in boxes 
with damp moss about the bases,“ in charcoal, or in straw, with no 
moisture whatever (see p. 21). A late report of Prof. R. H. Forbes, 
director of the Arizona Experiment Station, who gave his close 


“For fuller details see the writer’s report, ‘‘The date palm and its culture,’ in 
Yearbook, Department of Agriculture, 1900. 
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personal attention to the planting and subsequent care of these offshoots, 
shows that of the entire 384 plants set out in the Cooperative Date 
Garden at Tempe and at Phoenix, 294 were living, while 90 were dead.4 
These figures show that over 75 per cent of the offshoots have become 
established. (See Pls. XXI and XXII.) More than 80 per cent of 
those sent directly from the Sahara by the new system of packing 
lived, but the average was reduced by the plants that had been grown 
in tubs a year before shipment, of which only about 58 per cent lived. 
The offshoots simply packed in straw came through as well as those 
carefully wrapped about the base with moist moss or packed in char- 
coal. Inasmuch as only 70 to 75 per cent of the offshoots are expected 
to live in the Sahara when they are planted in the open without pro- 
tection, as was done at Tempe,’ the remarkable record was made of 
securing the growth of more offshoots in Arizona after a two months’ 
voyage than would be expected to live in the Sahara, and that, too, 
even with the most inexpensive method of shipment that could be 
imagined—that of simply packing the suckers closely together in dry 
straw in ordinary wooden cases. 

This experiment has demonstrated the possibility of importing date 
offshoots from the Sahara and placing them in the deserts of the South- 
west in practically as good condition as when they were cut off the 
parent tree. The importance of this experiment is obvious, for it 
renders it certain that offshoots can be transported to great distances 
without loss, and makes it possible to undertake the culture of dates 
on a commercial scale by importing offshoots for planting. Doubtless 
means will be found to supply the demand for offshoots as soon as it 
arises by importation from the Sahara. In the meantime many of 
the best sorts of southern Algeria are on trial at Tempe, Ariz., and 
doubtless some will be found adapted to the climatic conditions there. 

As was previously noted in the paragraph on varieties, it is greatly 
to be desired that the Deglet Noor and other late sorts be set out as 
soon as possible in the Salton Basin, in order that there may be a prac- 
tical demonstration of the suitability of this region for the culture of 
the choicest sorts of dates. 


THE DATE PALM AS A SHELTER FOR OTHER FRUIT TREES. 


In many parts of the northern Sahara the date palm is almost as 
important as a shelter and partial shade for other fruit trees as it is for 
its own fruit. At the time of the Roman occupation of Africa these 
oases were largely planted to olive trees, some of which, indeed, still 
remain—giant stems perhaps 1,500 years old. It happens that the 


@¥Forbes, R. H. Thirteenth Annual Report, Arizona Experiment Station, 1902, 
p. 242. 

bMarcassin. L’agriculture dans le Sahara de Constantine. In Annales de |’ Inst. 
Agronomique, 1895, p. 62 of reprint. 
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olive is about the only other fruit tree which is able to stand without 
injury the fierce heat, intense light, and the driving sand storms of 
the Sahara, and even the olive itself grows better and yields more 
fruit if planted under the protecting shelter of the date palm. Most 
other fruit trees, such as the apricot, peach, almond, pomegranate, fig, 
and jujube, can be grown successfully in the Sahara only in the shade 
of other trees, and do best where grown under the date palm. In the 
northernmost oases of the Sahara the dates are frequently of inferior 
quality, whereas the other fruit trees do better here than in the hotter 
and drier regions farther south. Many of these northern oases have 
veritable orchards growing under the half shade furnished by the 
crown of slender leaves of the date palms far above. This is well 
shown in Plate XII, which represents a fig orchard growing under date 
palms at Chetma, Algeria. It sometimes happens that vegetables are 
grown under the fruit trees, in which case it is possible to see three 
crops occupying the soil—first, the date palm, towering far above; 
then the fruit trees, and under them the more delicate and shade-loying 
garden vegetables. It is not at all impossible that in some parts of our 
own Southwest the date palm may prove very useful in the manner 
above described, serving as a shelter and partial shade to more delicate 
fruit trees which thrive perfectly in regions where the summers are 
far too cool to allow of the culture of the best sorts of dates. 


IRRIGATION OF THE DATE PALM. 
AMOUNT OF WATER NECESSARY FOR A DATE PALM, 


The date palm requires a continuous supply of moisture about the 
roots and can not maintain itself in as dry a soil as can some desert 
plants. Much experience has been accumulated by the French planters 
in the Algerian Sahara as to the amount of water necessary to enable 
a date palm to grow and fruit well. M. Jus, the celebrated civil engi- 
neer, who has done so much to reclaim the northern Sahara by a study 
of its artesian water supply, considers“ that each palm tree requires 
one-third of a liter (0.35 quart) per minute at the flowing well or main 
irrigating canal, and palms which receive from 0.4 to 0.5 of a liter 
(0.42 to 0.53 quart) per minute are more vigorous and yield more fruit 
even if crops are grown underneath. If each tree receives 0.35 quart 
per minute this would amount to 126 gallons per day, or about 17 
cubic. feet. At 1 pint per minute the daily consumption would be 180 
gallons, or a little more than 24 cubic feet. These data are not for 
the amount of water actually furnished the trees, but for the amount 
which must be allowed for each tree at the head of the principal irri- 
gating canals. Of course some of the water is lost by evaporation 
and seepage before it reaches the palms. 


a@Jus, H. Les oasis de l’Oued Rir’, Paris (Challamel), 1884. 
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M. Rolland, who has written a very complete account of the water 
supply of the Algerian Sahara,“ and who is himself one of the mem- 
bers of a firm which has created extensive date plantations in the Oued 
Rirh country, in the Algerian Sahara, considers that one-half liter 
(0.53 quart) per minute should be allowed to each palm to secure the 
best results. 

M. le commandant Rose, himself an experienced planter, has pub- 
lished a most detailed statement’ regarding the practice of irriga- 
tion in the Oued Rirh country, where the water supply is furnished 
by artesian wells. He recommends 24 irrigations of 3 cubic meters 
(792.5 gallons) each, making 72 cubic meters, or 19,021 gallons during 
the year. During the hot season, from June to September, inclusive, 
weekly irrigations are practiced, 17 in all, consuming 51 cubic meters, 
or 13,473 gallons per tree, which is at the rate of about 113 gallons 
per day, or about 0.314 quart (0.3 liter) per minute, the lowest of the 
three estimates. During the autumn and winter 2 irrigations, and 
during spring 5 irrigations, are prescribed. 

When the supply of water is invariable, as for example the flow 
from an artesian well, it is necessary to plant only the number of 
palms that can be properly irrigated by the available water supply 
during the hot season, when the amount needed is greatest. Where 
irrigation is practiced by means of water conducted from rivers or 
from storage reservoirs in canals, as is the case in most of the arid 
regions of the Southwest; it will be even more necessary to determine 
sarefully how much water can be had in summer to avoid planting 
more dates than can be properly irrigated. 

In the plantations made recently by French proprietors in the Alge- 
rian Sahara, the date palms are usually set out 8 meters, or 26 feet, 
apart, making 143 to the hectare, or 60 to the acre. Some of the 
planters consider this distance too small and plant about 10 meters (33 
feet) apart, making about 40 to the acre, while others, among them the 
celebrated civil engineer Rolland, consider 200 to the hectare, or about 
80 to the acre, as being the best number to plant. 

Taking 60 to the acre, 263 feet apart, as a good number to plant, the 
amount of water needed per acre can easily be calculated. Using 
Rose’s estimate of 19,021 gallons per tree per annum, 34 acre-feet of 
water would be required, of which 2? acre-feet would be used during 
the four summer months from June to September, inclusive. Using 
Jus’s estimate, which puts the least amount necessary at one-third 


@ Rolland, Georges. Hydrologie du Sahara algérien (chemin de fer transsaharien), 
Paris, Imprimerie nationale, 1894, p. 9. 

>“Ta culture du dattier dans le sud constantinois, par un homme du sud.”’ Alger, 
1898, Pierre Fontana & Cie, Paris, Augustin Challamel. 8°. 20 pp. The identity 
of the author of this pamphlet was disclosed by Rolland (Hydrologie du Sahara 
algérien, p. 167). 
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liter (0.35 quart) per minute, or 126 gallons per day, a trifle over 4 
acre-feet would be required, of which nearly 3 acre-feet would be used 
in the four hottest months, from June to September, inclusive. On 
the basis of Rolland’s estimate, which is also given by Jus as the 
optimum quantity, viz, one-half liter (0.53 quart) per minute, or 190 
gallons per day, some 5¢ acre-feet a year would be required, of which 
4 acre-feet would be used during the four summer months, or at the 
rate of 16 acre-feet per annum. 

The amount of water needed per acre depends of course directly on 
the number of date palms per acre, and in planting care should be 
taken not to set out more than can be irrigated with the water supply 
covering the land. 

It must be remembered that the figures given above are for the 
western Sahara, a region noted for its extreme dryness, where the 
evaporation from a free surfece of water often averages nearly one- 
half inch per day during the three summer months—June, July, and 
August. It is probable that a smaller amount of water would suflice 
in regions where the air is not so dry and consequently where the 
evaporation is less, as, for example, in the Salt River Valley and most 
other parts of southern Arizona,” while in hotter, drier regions, such 
as the Salton Basin, even more will be required. In the latter region 
it will be well to allow only about 12 palms to each acre-foot of water 
available, and this only if the water can be had whenever desired during 
the summer. This would permit planting some 50 date palms to the 
acre where 4 acre-feet of water are available whenever needed during 
the year. 

It must be remembered in considering the needs of the date palm 
that the water supply must be practically continuous; that is to say, 
that the ground must in some way be kept damp throughout the entire 
year. It is probable, however, that the date palm does not require as 
much water as do ordinary fruit trees. It is, indeed, probable that 
owing to their having thick, leathery leaves, protected by a coating 
of wax, they evaporate a considerably less quantity than would an ordi- 
nary fruit tree having delicate leaves not adapted to withstand the hot, 
dry air of deserts. It is nevertheless necessary for the roots to have 


« At Tucson, Ariz., the average of three years’ records taken at the University gives 
the annual evaporation from a free surface of water at 77.7 inches, and the average 
rate during the three hottest months, June, July, and August, at one-third inch per 
day. At Tempe, in the Salt River Valley, Arizona, a calculation by the United States 
Geological Survey from imperfect data gives 91 inches as the probable annual eyapo- 
ration. At Biskra the careful records of M. Colombo show a mean annual eyapora- 
tion during the ten years from 1884 to 1893 of 2.8374 meters, or 111.7 inches, averaging 
12.47 mm., or 0.4915 inch (very nearly one-half inch) per day during June, July, and 
August. In the Oued Rirh country, where most of the observations relative to the 
amount of water necessary for irrigating date palms have been made, the rainfall is 
less than at Biskra and the temperature higher, so the evaporation is doubtless greater. 
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access to moist earth throughout the entire year, since, as has been 
stated above, the date palm is not at alla desert plant, in the sense of 
being able to exist on very dry soil, and would die in many of the situ- 
tions in the Southwest where cacti and yuccas thrive. 

Where the supply of irrigation water is limited, as at Biskra, where 
there is only 0.12 liter per minute available for each palm and where 
the soil is very heavy and consequently difficult to saturate, irrigation 
is commonly practiced by filling up with water a cavity—‘* dahir”— 
excavated at the base of the tree (Pl. XVII, fig. 2, and Yearbook, 1900, 
Pl. LV, fig. 3). Where water is more abundant and especially where 
crops are grown under the palms it is customary to flood the whole 
surface of the ground, the land being divided into small beds from 10 
to 30 feet in diameter, which are surrounded by a slightly raised rim 
(Pl. XVII, fig. 1). When irrigated the whole bed is flooded, the water 
being retained by the surrounding ridge. <A larger amount of water 
is required when applied in this manner than would be necessary if 
poured into a trench at the side of the palm, but the alkali is washed 
into the subsoil by surface flooding, whereas it is brought to the sur- 
face by the trench system, which should never be followed in danger- 
ously alkaline soils. In the Salton Basin in particular, where the 
subsoil is often heavily charged with alkali, the land should always be 
watered by flooding or else by deep furrows, even where the surface 
soil does not contain harmful quantities of alkali.“ 

Where there is water at a short distance from the surface within 
reach of the roots, as is the case in the area about the Cooperative Date 
Garden at Tempe, Ariz. (see Pls. XXI and XXII), at Farfar, Algeria, 
in the western Zab, between Fougala and Biskra, Algeria (Pl. XIV, 
fig. 1, and Yearbook, 1900, Pl. LX, fig. 7), and in the Souf country 
in the Sahara (tig. 8, p. 69) the amount of water required for irriga- 
tion is less when once the palms have become established. They can 
even exist without any irrigation whatever from the surface, although 
in this event they do not grow as well and bear very much less fruit, 
probably because of imperfect aeration of the soil about the roots and 
because of the continual rise of alkali from the subsoil, as will be 
explained in the chapter on drainage. 

Well aerated running water is desirable for date palms and water- 
logging of the soil must be prevented. If these conditions are fulfilled 
this plant can live and thrive when irrigated with water so salty as to 
kill all ordinary plants, as will be shown later in treating of the alkali 
resistance of the date palm. 


@Snow, Hilgard, and Shaw (in Bul. 140, Cal. Exp. Sta., pp. 36-39) recommend 
for the Salton Basin first washing the alkali down by surface flooding and then pre- 
venting its subsequent rise by deep-furrow irrigation. However, the date palm is 
not sensitive to surface accumulation of alkali when once established, as will be 
shown farther on (see p. 117). 
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Irrigation by means of flooding is sometimes practiced in Egypt for 
the date palm, as has been done for all sorts of crops since remote 
antiquity. ‘The water covers the land to a depth ranging from a few 
inches to several feet (see Pl. XI), and remains on the soil for about 
six weeks.“ ‘This method of irrigation is not likely to prove desirable 
anywhere in this country unless it be in the flood-plain of the Colorado 
River in California and Arizona (see p. 151). It may be desirable to 
use this method of flooding in order to wash the alkali out of the sur- 
face layer of the soil where the accumulation of alkali in the upper 
layers of the soil is so great as to prevent the best growth of the date 
palm. It is of interest in this connection to note that the Egyptian 
date palms are able to endure having their roots submerged for long 
periods without appreciable injury. ;, 

Mr. D. G. Fairchild has described a very interesting system of com- 
bined irrigation and drainage practiced in the date plantations along 
the Shat-el-Arab River at the head of the Persian Gulf, which are 
doubtless the most extensive in the world. The level valley land 
along the river is cut up into small rectangles, LO to 15 by 20 to 30 feet 
on a side, by irrigation ditches, through which, twice a day, water 
flows when the river is backed up by the tide. As the tide recedes 
the water flows out of the ditches, preventing stagnation and caus- 
ing a lowering of the water level in the soil. The soil is doubtless 
thoroughly aerated by this alternate rise and fall of the level of the 
ground water. By this interesting system of tidal irrigation, which, 
without any trouble beyond the first labor of digging the ditches pro- 
vides for very perfect watering, drainage, and aeration of the soil, date 
palms thrive in this region where the soil is as pure an adobe as the 
clay of a brickyard.? | 

Such a system of combined irrigation and drainage can, of course, be 
applied only where a river is backed up by high tides. No such con- 
ditions occur, or at least not on any considerable scale, within the date 
regions of the United States, since the region along the Sacramento 
River in California where tidal irrigation can be practiced is so cooled 
in summer by the cold winds and fogs from the Pacific that none but 
the very earliest sorts of dates could mature. Along the Colorado 
River, near its mouth in Mexico, it is possible that tidal irrigation 
could be used in date culture, since the tides in the Gulf of California 
are very high and the climate and soil in this region are favorable to 
the culture of early and midseason dates.°¢ 


“Kearney, Thos. H., and Means, Thos. H. Crops used in the reclamation of 
alkali lands in Egypt, Yearbook, Department of Agriculture, 1902, p. 504. 

> Fairchild, D. G. Persian Gulf Dates and Their Introduction into America. Bul. 
No. 54, Bureau of Plant Industry, U. 8. Department of Agriculture, 1903, p. 14. 

¢ However, the head of tide water is only about fifteen miles above the mouth of 
the river (as may be seen on fig. 10, p. 102), and consequently there is not room for 
such immense date plantations as those described by Fairchild around Bassorah. 
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In many parts of California and possibly in some parts of Arizona 
there is enough rainfall to support the date palm without irrigation 
(see p. 124). The Wolfskill date palm at Winters, Cal., for example, 
is never irrigated, yet bears abundant crops of good dates every year. 

In regions where the winters are very cold it is unwise to irrigate 
‘ate in summer, except when necessary to keep the palms alive, since 
abundant watering forces a tender new growth, which is likely to be 
killed by the freezes of the succeeding winter. At Tulare, in the San 
Joaquin Valley, California, where there are from 6 to 34 severe frosts 
every winter and where the temperature sometimes falls as low as 
17° F. or lower, the gardeners of the substation of the Agricultural 
Experiment Station consider it unwise to irrigate date palms after the 
month of June. 


WARM IRRIGATION WATER ADVANTAGEOUS. 


The growth of the date palm and the maturing of its fruit are 
hastened by supplying warm water to the roots. For example, in 
the vasis of Chetma, Algeria (see Pl. XII and Yearbook, 1900, PI. 
LIX, fig. 8), largely supplied with water from warm springs having 
a temperature of 94.1° F. (84.5° C.), the Deglet Noor date ripens 
early in the season, especially on those trees growing near the 
springs and which, consequently, receive warm water even in winter 
and early spring, when the air is still cold. Biskra, near by and at 
nearly the same level, though less protected against cold winds, is 
also irrigated largely from springs, but the temperature of the water 
of these springs is only 70° to 81° F. (21.5° to 27.33° C.), and the 
water is cooled in winter and spring by admixture with the run-off 
from the Atlas Mountains to the north and by flowing a couple of 
miles in open canals before it reaches the nearest date palms. Here 
the Deglet Noor date does not mature so well as at Chetma and is not 
of the best quality. The artesian wells of the Oued Rirh country (see 
map, Pl. U, p. 76) furnish water of a temperature ranging from 76.3~ 
to 79° F. (24.6° to 26.1° C.), and in the Souf country the ground water 
to which the palms send down their roots is much colder, having a 
temperature of only 57.2° to 68° F. (14° to 20° C.); but in these regions 
the summer heat is much greater than at Biskra and usually suftices to 
enable the Deglet Noor to mature perfectly. 

In the Salt River Valley, Arizona, the irrigation water is conveyed 
in open canals mostly shaded by cottonwood trees. The temperature 
of the water naturally varies with the season. In June, when the tem- 
perature of the air ranged from 82° to 104° F., Professor McClatchie 
found the temperature to range from 73° to 94° F. in the canals and 
from 82° to 88° F. in the smaller irrigating ditches. It should be 
noted that in June the supply of irrigating water is less than for any 
other month of the year, and probably in February, March, and April, 

13529—No. 58—04——-4 


5O THE DATE PALM. 


when the canals are full of the water from melting snows on the sur- 
rounding mountains, the temperature would be much lower. 

The Salton Basin is supplied with water diverted from the Colorado 
River near Yuma and conducted some 40 to 60 miles in open ditches 
before it is put on the land. The annual overflow of the Colorado 
River occurs in early summer, usually in June or July, and is caused 
by the melting of the snows on the Rocky Mountains in Colorado, 
Utah, and Wyoming. ‘This cold water fortunately reaches the Colo- 
rado Desert at a time when the heat is great, so that in flowing in the 
large open canals and in the shallow laterals and in soaking through 
the hot surface layers of the soil it will undoubtedly be warmed con- 
siderably before it reaches the roots of the date palms. On the whole 
the conditions are exceptionally good in the Salton Basin, for the most 
abundant supply of water occurs in early summer or midsummer, just 
when the plants have greatest need for it. 

The annual overflow of cold waters from the melting snows is doubt- 
less the principal cause of the failure of the date palms to mature their 
fruit properly on Mr. Hall Hanlon’s place in the Colorado River flood 
plain in California, near Yuma, Ariz. (seo Pl. XX, fig. 2). The tempera- 
ture of the soil and of the air in this overflowed area and in adjoining 
areas at nearly the same level is doubtless much lower than at the 
town of Yuma, for instance.“ Even at Yuma the summer heat is less 
than at Phoenix and very much less than in the Salton Basin. It is 
clear then that no conclusion unfavorable to the culture of dates in the 
Salton Basin can be drawn from the failure of these palms in the flood 
plain to mature their fruit. Early varieties, suchas the Rhars and 
Teddala, will probably ripen even on these overflowed lands (see p. 132). 


DRAINAGE FOR THE DATE PALM. 


Although the date palm can withstand very much more alkali than 
any other crop plant, it does not endure having the soil about the roots 
water-soalked. Good drainage is as essential for it as for any other 
fruit tree if good crops are to be expected, and, unless the soil drains 
naturally, the superfluous water must be removed, usually by means of 
open ditches or with tile drains. Proper aeration of the soil about 
the roots is essential to enable the date palm to grow well and yield 
abundantly (see p. 80). Good drainage also permits the alkali to be 
washed out of the soil by means of heavy irrigation, and, doubtless, 
this also favors the growth of the palms. It is, however, worthy of 
being noted that the excessively alkaline water which flows off in the 
drainage ditches is used in some parts of the Sahara to irrigate date 
palms which occupy land lying at a lower level. Such palms, though 


@ According to Mr. Bernard G. Johnson, of Mecca, Cal., there is a drainage of cold 
air from the hills toward Mr. Hanlon’s date plantation which renders it one of the 
coldest sites in the vicinity of Yuma. 
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less vigorous than those receiving good water, nevertheless produce 
moderate crops of fruit (see p. 98). 

In most date plantations made by the French in the Sahara, drainage 
is provided by means of open ditches from 2 to'6 feet deep, running 
between alternate rows of palms, or at distances of about 50 feet 
apart (see Pl. XVII, fig. 1). Very unusual conditions of drainage are 
found at the oasis Fougala, Algeria (see Pl. XV, fig. 1), as will be 
explained in treating of the alkali soils collected at that place (pp. 78 
and 84). The superfluous water there runs off through holes in an 
impervious hardpan, and the downward flow of water through the 
holes, induced by surface irrigation, has washed the alkali out of the 
surface soil, has aerated the subsoil, and has had marvelous effects in 
promoting the growth and increasing the yield of the date palms, 
which had managed to live for years before surface irrigation was 
begun with the supply of water absorbed by the roots from below the 
hardpan layer. 

It will doubtless be found necessary to irrigate date palms about 
Tempe, Ariz., even where their roots penetrate to the subsoil con- 
stantly wetted by the water that seeps down from the irrigated fields 
located at higher levels. Unless this is done the palms are likely to 
become stunted and sterile, as they were at Fougala before surface 
irrigation by artesian water was commenced. ; 

The presence of a hardpan layer, as at Fougala, may be advanta- 
geous in providing a means of drainage through holes made under each 
tree, while at the same time confining the drainage water below the 
hardpan, thereby preventing its rising to the surface by capillarity 
and carrying with it the alkali of the subsoil. When no hardpan 
exists, as at Tempe, a certain amount of drainage can nevertheless be 
accomplished, since the water applied at the surface drains into the 

great body of ground water, which has a practically constant level 
unless raised by excessive irrigation. In case the subsoil is too 
impervious to permit quick seepage from the surface to the ground 
water, outlets for drainage water can sometimes be provided advan- 
‘tageously by putting down wells. 
In most parts of the Salt River Valley the natural drainage is good 
_ and no ditches or tile will be needed. In the Salton Basin drainage is 
_ impeded by the impervious nature of the clay, which occurs in many 
places as surface soil and nearly everywhere as subsoil. Drainage is 
especially desirable here, for the subsoil is often laden with alkali 
even where the surface soil is free from harmful quantities of salts. 
Natural drainage, nevertheless, will probably suffice for the date palm 
in many parts of this region, provided the level of the ground water 
is not raised too high by excessive and ill-timed irrigation. In some 
places, where natural drainage is insuflicient, occasional open ditches 
will provide adequate drainage, especially where the soil is a sandy 


L 


52 THE DATE PALM. 


loam or aloam. The lands lying near the New River or Salton River - 
beds, or near Mesquite or Salton Lake, can be drained into these 
lower levels, and in many other places wells may be put down to pro- 
vide an outlet of drainage water into the great body of ground water 
which lies from 20 to 50 feet below the surface. Though required 
for the best growth and successful fruiting of the date palm, drainage 
is less necessary than for most other trees. Even if the ground water 
of the Salton Basin rose to within reach of the roots it would not kill 
the date palm, for, although this ground water is very brackish, con- 
taining from 0.4 to 0.6 per cent of dissolved salts, and would kill most 
ordinary plants, it is less alkaline than some of the artesian water used 
to irrigate flourishing date plantations in the Oued Rirh country in 
the Sahara (see pp. 86 and 121). 


EFFECTS OF ATMOSPHERIC HUMIDITY AND RAIN ON THE DATE 
PALM. 


An essential requirement of the date palm, in order that it may pro- 
duce fruit of the best quality, is that the air be very dry during the 
season when the fruit is developing. Regions having abundant sum- 
mer rains, and even those havinga heavy precipitation in autumn, are 
unsuited to the profitable culture of this tree, but rains in winter may 
be beneficial. It has usually been held that the presence of humidity 
in the air is directly disadvantageous, but it is probable that the chief 
action of water vapor in the atmosphere is indirect and results from 
its peculiar action in screening out the heat from the sun’s rays“ and 
thereby preventing the temperature from going to the excessively 
high degree necessary to ripen the fruit properly. The same dry air 
which allows excessive heating during the day permits an equally great 
fall of temperature by radiation into a cloudless sky at night and 
brings about the enormous daily range of temperature characteristic 
of desert regions. The date palm, however, suffers no check from 
cool nights, unless the temperature falls below a point somewhere 
about 18° C. (644° F.), and is favored by excessively high temper- 
atures, which are, indeed, necessary for the production of dates of the 
highest quality. 

Table 1, on the following page, gives the mean relative humidity at 
four points where the date palm is grown, for the months of April to 
September, inclusive. 


«Very, Frank W. Atmospheric Radiation. Bul. G, Weather Bureau, U.S. Dept. 
of Agriculture, 1900. 
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Tasir 1.—Humidity of the air at four desert stations where dates are grown. 


| Mean rela- 


tive hu- Mean rela- | 


: tive hu- 
Locality. Altitude. midity of midity of Remarks, 
six months, driest 
Apr. 1 to month. 
Sept. 30. 
Feet. Per cent. Per cent. 
Ghardaia, Algeria ........... 1, 804 23 14 (July) | Dates are of excellent quality. } 
BRPR A OTIS cs sc veer d 0 wen 449 30 25 (June) | Dates are largely grown, but are 
not of the best quality. 2 
PROM GIE ATIC. ww atsvadesedie 1, 068 33 24 (June) mae of the earlier sorts ripen 
well. 3 
COT MLE wicivashe cue’ vita 2, 482 35 | 19.9 (June) | Dates ripen imperfectly here, pro- 
bably because of deficient sum- 
mer heat at this altitude; pos- 
sibly also because of too great 
humidity. 4 


1 Records of Dr. Amat for the years 1883, 1888, and 1889. 

2Schirmer, Sahara, p. 64. 

®Records of Weather Bureau Station, completed by A. J. McClatchie, Bul. 37, Ariz. Agr. Ex. Sta., 
p. 209, average of five years’ record. 

4 Boggs and Barnes, Bul. 27, Ariz. Agr. Ex. Sta., p. 37, record for the years 1892-1894. The mean 
for October is 36.8 per cent. 


The following averages show the amount of atmospheric humidity 
at Phoenix and Tucson, Ariz., for each month from the flowering te 
the ripening of the fruit of the date palm, and a partial record from 
Ghardaia, Algeria: 


TaBLE 2.—Mean relative humidity at desert stations during date season. ’ 

arin 

Locality. Sees April.| May. | June.| July. | Aug. | Sept. | Oct. | Nov. “Seg 

ber. 
_ 2 we ee 

NOC 5 oon s 5 B'¥CaTs. .)0.-%' - 33.0 | 26.0) 24.0] 37.0] 40.0; 39.0} 40.0] 43.0 35. 25 
PRUICSOM oo soc 5 = a, SVCALSS ones 28. 1 2b..0 |) DONS | 42-8)| 51.8 | 39:6 | 36.3 | 40.2 35; 52 
GNeaTdale ....... Vent (1SSs)iee| | 2esdkt| = Oro eat ral et te, Ae) OD) ose ee Ss attebek's obs 
LOPES Seance aie POUCHES els cee ates or cclaee uae ec ZAR E LO: Oil nr erac'l Sct e aaa e aoc nelteneee cae 


The occurrence of a well-defined rainy season in July and August in 
southern Arizona causes the humidity for those months to be much 
higher than it is in the Sahara, where all three summer months are 
very dry. 

The following table showing the average rainfall for each month at 
Biskra and Ayata in the Sahara, at Phoenix and Yuma, Ariz., and at 
Salton, in the Salton Basin, California, brings out this difference in 
climate: 


TABLE 3.—Mean monthly rainfall, in inches, at Biskra, Ayata, Phoenix, Yuma, and 


Salton. 
| : 

Locality. Jan. | Feb. | Mar.| Apr. | May.|June.| July.| Aug. oer Oct. | Nov. | Dec. | Year. 
Biskra, Algeria! ....| 0.52 | 0.64 | 1.38 | 0.94 | 0.83 yn 83° (0225510226 "1'.0:'57 | 0.64 | 0.93 | 2.17 | 9.46 
Ayata, Algeria?..... Rae ser et 064) A506") 21640 0 0 04; .12/1.21] .53] 4.53 
Phoenix, Ariz.? ..... we se seer Wood 1G) Or 18a b 97% | 1.64) .62] 1.44) 1.42) 7.21 
mime ATIZ:......... .40 . D4 . 24 07 . 04 Tt; 14 Oe .14! .30 .28 538 3. 05 
a te 43 . 62 By Tt. 07 ate .19 .14 7 Fc) ames b- ath .55 2. 56 


} Records of M. Colombo, published by Marcassin in Annales de 1’Inst. Nat. Agronom., 1895, 10 years. 

“Records of M. Cornu, read from charts exhibited at Paris Exposition, 1900, 4 years. 

*Records of the Weather Bureau, compiled by Thos. H. Means, Second Rep., Div. of Soils, U. 8S. 
Department of Agriculture, 1900, p. 292. 

+Records of the Weather Bureau, compiled by Prof. Alexander G. McAdie, California Climate and 
Crop Service, April, 1901, 12 years. 
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During July and August more than three times as much rain falls at 
Phoenix as at Biskra, although the annual rainfull is nearly one-third 
greater at the latter station. 

Unfortunately records are not available for the Salton Basin, but 
the very low rainfall in spring, summer, and autumn, and the exces- 
sively high temperatures which prevail there render it certain that the 
humidity is very slight—probably somewhat lower than at Ghardaia. 
There is, however, as in Arizona, a well-defined rainy reason in July 
and August, which tends to raise the humidity for those months. 


RAINY WEATHER DISASTROUS TO THE FLOWERS AND RIPENING FRUITS 
OF THE DATE PALM. 


Besides its indirect harmful action in decreasing the amount of sun- 
shine and heat and in increasing the amount of humidity in the air, 
cloudy or rainy weather is directly injurious to the date in preventing 
the fertilization of the flowers in spring, and also in bringing about 
the decay or dropping of the fruit when it is ripening in autumn. 
When the flowers are being pollinated a spell of wet, cloudy weather, 
by spoiling the pollen may hinder the setting of the fruit, though 
-usually the harm can be remedied by repollinating with a fresh spray 
of male flowers when the weather becomes dry. In autumn the effects 
of rainy, humid weather are much more disastrous and may entail the 
loss of the entire crop by causing the dates to ferment and spoil just 
when they are ripening. No misfortune is more feared by the date 
growers in the Sahara than wet weather at this time. 

Most varieties of date palms flower in April and May in Arizona, as 
in the Algerian Sahara, and the best sorts begin to ripen in October 
and November. The following table shows the amount of rain for the 
months of April and May, in spring, and October and November, in 
autumn, for a number of points in the Southwest, and also for Biskra 
and Ayata in the Sahara. 


RAINY WEATHER DISASTROUS. ay), 


Taste 4.—Average, highest, and lowest rainfall, in inches, at flowering and ripening seasons 
of the date palm at stations suitable for date culture. 
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Rainfall during flowering season. 


Alti- April. 


May. 


Locality. tude. “ir? 
‘ Maxi- | Mini- y Maxi- | Mini- 
Mean. mum, | mum, Mean. mum. | mum. 
Feet. | Inches.) Inches.| Inches, | Inches. | Inches. | Inches. 

Phoenix, Ariz. (Salt River Valley)1!.......... 1, 068 0.31 1.25 0 0.16 1 0 
Buckeye (Salt River Valley)? ............... 900 ADEs u lee eye aden dee COMER Wistes saab awe pide es 
Experiment Farm (Salt River Valley) ?..... DMCIUMIDER GD, © Oh dnc ees. >| wie dee.< =o Re tetas sletet te «a 
Peoria (Salt River Valley) 2...........:¢..0- RANE BGO viaru c's isos |lc awa > wie BEN Pea eis Bere orice 
Mesa (Salt River Valley) ?..................- 1, 244 J NB chdod pre aren er Gia min eo | 

Average for five stationsin Salt River . 

SUN Site atres Cx 2s uc wewiein' Canoe anew iain ain BOOM eo. wo tees leh oe OSG 25.5 o..|2a25ec, a 
Maricopa, Ariz. (Upper Gila Valley) 2........ 178 | 18 |. 75-10 10 64| 0 
Casa Grande (Upper Gila Valley) !..........- 1,398 out 73 0 07 | .A| 0 
Florence (Upper Gila Valley)!.............. 1, 553 237 1.55 0 18 97 0 
yO ot eee 2,480| .16| .62| 0 596 .(? S300: |7=-0 
UMA EAS ae ee Me NS WS sd aivie sds oie oe Se 141 sO; 55 0 04 | .44)} 0O 
Mammoth Tank, Cal. (Salton Basin)? ...... 257 06 | . 80 o | .02 30| 0 
Salton, Calt (salton. basin )® 2... 2. 22sec: — 263 AB nOu 0 07 | SAYA EX, 
ENGL IS SITS Sie a a 449 94 3.03 . 08 | so.) |(ae 22.D6 . 04 
Ayata, Sahara (Oued Rirh) 5................ ~ 100 | 1.06| 2.24]: 0 | 16 | 47 | 70 

Rainfall during ripening season of 
late dates. ai i 
ee ute ri eee eee Length 
ocality. : : an ¥ iar ao 
Deveuet: wel Bevemsber. pros ees SP aieeora: 
Mean.| Max.| Min. |Mean.|Max. | Min. ; Mean. | Max.| Min. 
In. In. In Tie Ve Lis) tN In. In. Tn. Wrears 
Phoenix, Ariz. (Salt River Valley) !.| 0.50 | 2.80 0 |0.44 | 1.66 | 0 7.08 {12.83 | 3.77 | 15 
Buckeye (Salt River Valley) ?......- OSes Nspeyceee 0 (Os eee Wereiatea In.Gs605| 20-22 le cee hpi Sk 
Experiment Farm (Salt River Val- 

ERO SS 5 ee Oe ee ee rN eee pee BAe teh Ules 9 os 7 | | eee (is Sea Sat ag Ce 
Peoria (Salt River Valley) 2........-. Ae ee eseliee aa SAO ea eel S545 555-25 PaaS Se het ar neerane 
Mesa (Salt River Valley) 2........... Fe i bs esl ie PAG ee loans FEY td Potent Caton Se eee 

Average for five stations in 

Salt River Valley ..........- A ed Ler el (= oe eee (LE eee cis Pee ea 
Maricopa, Ariz.(Upper Gila Valley)1| .28 | 1.51 0| .29 | 1.13 | 0 5.50 [11.96 | .38 18 
Casa Grande (Upper Gila Valley)}..| .82 | 1.31 0} .33 | 2.00 | 0 5.29 |10.70 | 1.73 14 
Florence (Upper Gila Valley) ?}...... -63 | 1.80 0| .55 | 2.36 | 0 9.78 |13.80 | 5.35 13 
Meweson; Ariz. 1.22.:..10:.0.2000-.-52 .58/2.24| 0| .48|2.06|0 [11.68 [18.37 | 5.26 19 
EEN Nas Se a 30 | 1.70 0| .28/} 2.43 | 0 3.05 | 5.86 | .74 19 
Mammoth Tank, Cal. (Salton Basin)?) .12 | . 68 0) |), <4 fon inO 1.81 5. 48 | Tr 23 
Salton, Cal. (Salton Basin)? ......... [aden )) 98 0; .12 71 | 0 2.56 {11.19 | T 12 
@iskre, Sahara‘? _-......-..2+00-2-.-% ls Ga i783 0| .98 | 1.97| .12| 9.46 16.30 | 5.67 | 10 
Ayata, Sahara (Oued Rirh) 5........ | 12] .28/ 0 |1.21| 2.05) .02 | 4.89 | 9.32 | 2.52 pAanal? 


1Records compiled by Boggs and Barnes, Bul. 27, Arizona Experiment Station, Table XVI. 

2Records compiled by Thos. H. Means, Field Operations Divison of Soils, U. S. Department of 
Agriculture, Second Report, 1900, p. 292. 

*Records compiled by Alexander G. McAdie, Cal. Sec., Climate and Crop Service, Weather Bureau, 
February, 1901, p. 4. 

4Records of Colombo, published by Mareassin, L’Agriculture dans le Sahara de Constantine, in 
Annales de l'Institut National Agronomique, 1895, p. 17 of reprint. 

5 Records of Cornu for years 1896-1899, read from charts exhibited at Paris Exposition, 1900. 

6Annual rainfall for 1889 to 1891, from Rolland, Hydrologie du Sahara algérien, p. 415, is included 
n this table, making seven years in all. 


These records show that the Salt River Valley, the upper Gila Val- 


Jey, Yuma, and even Tucson, Ariz., have less rainfall at the critical 


periods for the date palm than occurs at Biskra, Algeria, where date 
culture is the principal industry. Yuma, in the Colorado River 
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Valley, in extreme southwestern Arizona, and especially Salton and 
Mammoth Tank, in the Salton Basin, in southeastern California, show 
decidedly less rainfall than occurs at Ayata, in the Oued Rirh country 
in the Sahara, where date culture is almost the sole industry and 
where the Deglet Noor variety is grown successfully. Even the maxi- 
mum rainfall in exceptionally wet years in the Salton Basin does not 
equal” the average rainfall for these critical months at Biskra. 

The number of rainy days, which is a matter of considerable import- 
ance in determining the suitability of climate to date culture, runs 
closely parallel to the amount of precipitation, as may be seen by com- 
paring the following records for Biskra and Tucson with those given 
above for the rainfall: 

Tasie 5.—Number of rainy days at desert stations ( Biskra, Algeria, and Tucson, Ariz.) 


during flowering and ripening seasons of the date palin. 


~ Flowering season. Ripening season. 
= = April. May. ) October. November. 
~ as 
Se Be 
reality. hes “Hg = : | oe S : ; : 
Locality = og S S BE ilg¢ Bs fe | alg 
pa a | 3 Bo (aes Eis =e 
Ss le-iog | Bs\ 814) 818 ae |S | fee 
— |q ooh ow. |S = A Ge S 4 4 a A 3 
= ue ) a a 3) 3 ‘5 a Be ere o oe s') ha 
} _ _ 
2ie-/a i.e (/3\8 | S131 s | 2 Se 
a oe a men eS Ae 
Biskra, Algieria..| 449 30 3.4 7 | $.5 6 1| 2.6 5} © O86 7 1 
Tueson, Ariz..... 2,482 5 2 1 0| 1.2 3 0 Ss 9 0 2 | 6 0 


The ideal climate for the date palm would be one that was rainless 
during the critical months. It is a matter of some interest to see how 
often this condition has been recorded for the Salton Basin stations. 

Rainfall records are available for twelve years (1889-1900) for Salton 
in the lowest part of the Salton Basin (263 feet below the sea level), 
and they show that the critical months were frequently rainless; at 
Mammoth Tank, in the eastern border of the Salton Basin (altitude 
257 feet above sea level), the record for twenty-three years, from 1878 
to 1900, is still more favorable, as is shown by the following table: 


Tasie 6.—Number of years in which no rain (or trace only) fell at Salton and at Mam- 
moth Tank, inthe Salton Basin, California, during the months named. 


Mammoth Tank 
(257 feet above 
sea level). 


Salton (263 feet be- 
low sea level). 


Total 


Month ; 
; 7 s Total 

Number | pymber | NU™ber | number 

of years | of years of years of years 

rainless. recorded. rainless. recorded. 
ROP 8 os cette nw abnaee deen eases ewe ys'snn wee senddesstares 11 12 14 23 
Nar Std 2 ee eee iets erin eas ecw class cele marae 10 12 20 23 
Apri) ONO MGW 3b cadtabareeetaee ikea asc as ns soe she ides 9 12 13 23 
OCHSEO DCE 2c). cts ee eee tenn Bae Ame anla ss cn ssaaas = cieae 8 12 12 23 
INGER EIYRD GR «fae ee Se ee at ate thas inte aes he eral 8 12 13 23 
OGEtOHer BNE NOVEM Ge seen woe aw ha ance Senn coe sae es 7 12 7 23 
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«Except for one year of the twelve recorded at Salton,.the rainfall in October, 1896, 
was 0.93 inch, exceeding the average at Biskra (0.64 inch), though not being more 
than half the maximum rainfall for the month (1.73 inches) at the latter station. 


© 
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At Salton, out of the twelve years recorded, only one had more than 
one-tenth of an inch of rain during the two months of the flowering 
season (April and May) and only two had over 0.28 inch rainfall 
during the ripening season. 

At Mammoth Tank, out of these twenty-three years, only one had 
more than three-tenths of an inch rainfall during the flowering 
season (April and May) and only three showed over three-tenths of an 
inch precipitation during October and November. 

At Biskra, in the Algerian Sahara, the rainfall records are available 
for the ten years from 1884 to 1893. During this period only one 
month during the critical periods was rainless, viz, October, 1893. 
Only once during the flowering period (April and May) was there 
as low as 0.39 inch rainfall, and only once during the season when the 
fruit ripens (October and November) was there as low as 0.31 inch of 
rain. 

At Ayata, some 100 miles south of Biskra, in the Oued Rirh country, 
where a specialty is made of the culture of choice Deglet Noor dates 
for the export trade, the rainfall for 1889 was 2.52 inches; for 1890 it 
was 9.32 inches; for 1891,¢4.16 inches; for 1896, 7.60 inches; for 1897, 
4.84 inches; for 1898, 2.79 inches, and for 1899,’ 2.91 inches, an aver- 
age of 4.89 inches. 

The distribution of the rainfall at Biskra and Ayata, by seasons, in 
comparison with the average at Yuma in the Colorado River Valley 
and Salton and Mammoth Tank in the Salton Basin, is given herewith: 


TABLE 7.— Table showing seasonal and annual rainfall at stations in desert regions. 


> | 

Locality aie oo Winter | Spring | Summer} Autumn) Annual 

‘ rocuEd rainfall. rainfall. | rainfall. | rainfall. | rainfall. 

Years. | Inches. | Inches. Inches. Inches. Inches. 
Biskra, Algeria (Sahara).............--.--- 10 3.32 3.16 | 0. 84 a13 9.45 
Ayata-Algema(Sahara).-.-..........-.-.--- 7 1.81 1.49 | a, 09 1.50 4.89 
Yuma, Ariz. (Colorado River Valley) .-.---- 19 1.47 - 30 ol Nips 3. 05 
Salton, Cal. (Salton Basin) ................. 12 1.59 . 28 33 By 2.56 
Mammoth Tank, Cal. (Salton Basin) ....-. 23 . 93 pA | . 29 any 1.81 


a During the years 1896 to 1899 almost no rain fellin summer. April, May, September, and October 
are sometimes rainless. 


It is noticeable that the summer rainfall is considerably higher at 
Yuma and at the Salton Basin stations than at Ayata, but that the 
spring and autumn precipitation is much less, rendering the climate 
decidedly more favorable for date culture. 

It is clear from the above tables that there is less danger from rain 
to date flowers or to the ripening fruits in the Arizona deserts or in 
the Salton Basin in California than at Biskra in the Algerian Sahara, 
where date culture is an established and profitable industry. Indeed, 


“Rolland. Hydrologie du Sahara, p. 416. For the years 1889 to 1891, inclusive. 
» Records of Cornu exhibited at Paris Exposition, 1900. Amounts read from curves 
of charts for the years 1896-1899. 
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the conditions in the Salton Basin are most exceptionally favorable in 
this regard and are much better than at Ayata in the Sahara, where the 
Deglet Noor date is grown to perfection for export. 


SUNSHINE NECESSARY FOR THE DATE PALM. 


Even in the hottest desert regions the date palm does not grow well 
in the shade. In order that the leaves be heated to the very high tem- 
peratures which they require in order to function properly they must 
be exposed without interruption to the sun’s rays during the hottest 
part of the day. Cloudy regions, where the sunshine is not continuous, 
and humid regions, where the heat is largely screened out of the rays 
by the water vapor in the air, are not adapted to the culture of the best 
sorts of dates. It is not improbable that there may be some specific 
action of light, especially of the more refrangible rays at the violet 
end of the spectrum, apart from the heating effects of the sun’s rays, 
in favoring the production of a high flavor and aroma in the fruit. ¢ 


HEAT REQUIREMENTS OF THE DATE PALM. 


No amount of heat and no degree of dryness of the air injure the 
date palm provided the roots have access to an adequate supply of 
moisture; on the contrary the best sorts of dates can be produced only 
in deserts having excessively hot weather from the time the flowers 
open in April until the fruit ripens in October or November. It is a 
well-known saying among the Arabs that the date palm must have its 
feet in running water and its head in the fire of the sky; this is a con- 
cise statement of the chief requisites for successful growth and fruiting 
of this extraordinary plant. As was shown above in treating of the 
effects of humidity on the date palm, very dry air is necessary to 
enable the temperatures to reach the excessively high point required 
by developing fruits. This dryness also permits an excessive cooling 
of the air and surface soil through loss of heat by radiation into the 
cloudless sky at night, and desert climates of a pronounced type are 
consequently characterized by great daily and seasonal fluctuations, 
with the result that the temperature may fall very low in winter even 
in deserts where the heat is excessive in summer. The difference in 
the mean daily temperatures between the hottest and the coldest month 
for a number of desert stations which lie in nearly the same latitude 
is shown in Table 8, on the next page. 


«It would be interesting to test this hypothesis by forcing a date palm to fruit in 
a dry greenhouse in some northern desert region in winter when the intensity of the 
sun’s rays is much less than in summer. The experiment could not be tried in a 
humid region, because of the disturbing influence of the humidity of the air. 


HEAT REQUIREMENTS. SS) 


TABLE 8.—Mean annual range of temperature in the Sahara Desert, Mesopotamia, and in 
the Southwestern States. 
Tem- 


~ apes y j A j ade, 
Locality. Latitude. Altitude | perature. 


ory Feet. ° fF. 
eR TOT oo, cca cul dans hag oh'auere DoD LEME nme Se,v a stale a 00/6 p> 34 50 449 40. 06 
REPAIR ee Co to, Aire. Ot Fe eee Chic tudee webs omens 83 25 1, 068 40. 50 
IE PROT OS a one Sas aoa ocak e sneha see ne se eee CRA sees meses sen oes 83 25 | 13] 45.64 
eu nO ek ASD ee De Se eT e sic ences ee wed ae 33 30 —263 43.90 
NINETY) MAR) 2 ok pon bc ou ha ake eda t eee ea ebsmaw oes cen was 33 10 157 44. 60 
EG MAROTUOL Co. ont Pe be wo Lem be whdes Coa enews oink oie wate isle ww , 823 1, 804 | 45. 90 


These figures by no means indicate the extreme range of tempera- 
tures for these months, but merely the difference in the average level 
of temperature from which the daily fluctuations are counted. 

The difference between the highest temperature in summer and the 
lowest in winter averages about 90° F. at Salton, in the bottom of the 
Colorado Desert, and 79.4° F. at Biskra, in the northern Sahara. An 
extreme fluctuation of 104° F. is recorded from Salton during the 
twelve years for which records are published, of 105° F. at Phoenix, 
in the Salt River Valley, Arizona, during thirteen years, 1882-1894, 
and of 108° F. at Mammoth Tank, in the Salton Basin, during the 
twenty-three years for which records are published; but in these cases 
the highest and lowest temperatures are not included in the same year. 
As might be expected, where such great fluctuations occur, the winter 
temperatures often fall low enough to injure tender plants, such as 
citrous fruit trees, for example. Such plants are easily forced into a 
tender new growth by a few days of hot weather such as often occur 
in winter,” only to be blighted by frosts a few days later. 


RESISTANCE OF THE DATE PALM TO COLD IN WINTER. 


Fortunately, the date palm is able to endure much cold, it being one 
of the most hardy of the evergreen fruit trees. When in a dormant 
condition it is probable that it is seldom injured by temperatures 
above 20° F., and is able to live in regions where the temperature 
occasionally falls as low as 12° F. Commonly, however, date palms 
are severely injured by temperatures as low as this, sometimes losing 
many of their leaves. The amount of injury they suffer is partly 
dependent upon their condition at the time when they are exposed to 
the cold. If entirely dormant they are much less injured than if some 
of the leaves have only recently unfolded or are still growing. It 
should further be noted that young date palms are much more likely 
to be injured by cold than are old ones. This, no doubt, is in part 
because the young plants have fewer leaves and in consequence a 
growing point more exposed to cold, but doubtless largely because the 
growing leaves, with their inclosed bud, are much nearer the ground 
on young trees, and would therefore be exposed to lower temperatures 


“Temperatures of 90° F. or over are recorded for every month in the year at 
Mammoth Tank, in the Salton Basin. 
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than on the tops of old palms far above the surface. Old and vigor- 
ous trees might perhaps occasionally weather cold snaps where the’ 
temperature fell below 10° F., provided such were exceptional and 
occurred only at intervals of many years. In practice, then, four dif- 
ferent limits below which palms would be injured by cold might be 
set: (1) Young palms in active growth would be liable to injury if the 
temperature fell several degrees below freezing; (2) young plants not 
in active growth and old palms if nearly dormant would be severely 
injured only by temperatures falling below 15° F.; (3) old and dor- 
mant trees would be severely injuredonly by temperatures below 12° F.; 
(4) most date palms would be killed and all would be seriously injured 
by the temperature falling below 10° F., and date culture would be 
impossible in regions where such temperatures occurred more than once 
ina decade. These considerations show that the date palm has about as 
much resistance to cold as the fig tree, for example, with this impor- 
tant difference—that a fig tree is able to recover and grow again the next 
year, even if it be frozen to the ground by severe cold in winter. 
With the date palm this is not possible, since, if the growing bud of an 
old tree be killed, it is impossible for the trunk to sprout out again. 

In the Salt River Valley, Arizona, the temperature not infrequently 
falls to 25° or 22° F., and at rare intervals goes as low as 12° or 18° 
F., which temperatures of course injure the date palm but have not 
killed any of the many fine trees growing in the valley, though young 
offshoots recently transplanted have been frozen to death“. 

No temperatures low enough to injure seriously even young date 
palms (below 18° F.) are recorded from any of the stations in the Sal- 
ton Basin,’ and if the first winter after the plants are set out is passed 
safely no further danger from cold need be feared. 


«Even young palms seem more resistant to cold than has been supposed, for the 
severe cold of the winter of 1901-2, whena temperature of about 18° F., was reached, 
killed very few of the Saharan date palms in the cooperative garden at Tempe, which 
were planted in July, 1900. A few of the offshoots set out in 1901 passed through 
the cold weather without being killed, thanks probably to the protection afforded by 
wrapping them in several thicknesses of burlap sacking. It is now very clear that 
large offshoots withstand cold much better than small ones and besides bear the 
long voyage better. 

>The lowest temperature recorded at Salton is 20° F., with 22° F. at Mammoth 
Tank, where only 9 out of the 23 years recorded show temperatures below 30° F. 
At Indio in the northern and at Imperial in the southern part of the basin temper- 
atures of 18° F. are recorded. At Indio the temperatures are probably lowered by 
cold winds which blow down from the mountains to the north and west through a 
valley-like prolongation of the desert to the northwest. The young date palms 
which grow about Indio without any protection are proof that the winters are not 
too severe even for very young plants. However, winter cold is the greatest danger 
to which the date palm is exposed in the Salton Basin, and intending planters should 
be careful to avoid low, cold situations in setting out date palms, for Snow reports 
on January 2, 1902, at 8 o’clock a. m., a temperature of 13° F. and ice 2 inches thick. 
(Bul. 140, Cal. Exp. Sta., p. 45.) A. V. Stubenrauch states that this record is for 
Imperial, Cal. 
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THE DATE PALM FLOWERS LATE IN SPRING AND ESCAPES INJURY 
BY LATE FROSTS. 

A very great advantage of the date palm is that it flowers late in 
spring, after all danger of frost is over,“ whereas many other fruit 
trees, among them the peach, the apricot, and especially the almond, 
bloom very early and are exposed to much risk of having the flowers 
or young fruits killed by late frosts. 

The records available from the Sahara are very poorly calculated to 
show how much cold the date palm can stand, for the whole northern 
and western Sahara is characterized by very warm winters. ‘Tempera- 
tures of — 5 to — 7° C(21.4° to 23° F.) are recorded from date oases in the 
Sahara, but the date palm is able to endure lower temperatures than 
these without serious harm resulting. The northern limit and the 
limit in altitude in northwestern Africa at which dates can be grown 
are set more by the deficient summer heat failing to ripen the fruit 
than by the cold in winter.? 


DRAINAGE OF COLD AIR AND INVERSION OF TEMPERATURE IN 
RELATION TO DATE CULTURE. 


A peculiarity of climate which is of considerable importance in 
relation to date culture is the inversion of temperature which occurs 
in many places in Arizona and California, and more markedly in arid 
regions where the date palm succeeds best. For example, in many 
parts of Arizona the winters are mild enough to permit date palms to 
be grown at an altitude of nearly 5,000 feet, and even as high as 6,942 
feet at Supai. It is noticeable, however, that points very much lower 
frequently show temperatures sufficiently cold to injure severely or to 
kill date palms. For instance, at San Carlos, at an altitude of 2,456 


«The pistache nut has the same advantage and can be grown with profit in place 
of the almond in many localities where the latter is likely to lose its fruit because of 
late frosts. 

bIt is probable that the date palm is hardier than has been supposed, and that by 
selecting hardy sorts and wrapping them well when young, date culture can be ex- 
tended to many of the desert regions in the Southwest hitherto supposed to be too 
cold in winter for this plant. The experiments at the date garden at Tulare have 
shown that there is a great difference in the resistance of the various sorts to cold, the 
Seewah at an age of 9 years being, for instance, 12 feet high, with a spread of leaves 
of 15 feet, while the Sultaneh, equally old but which had been much hurt by the cold 
winters was only 4 feet high, with a spread of leaves of 7 feet. The experience of the 
winters of 1901-1902 at Tempe, Ariz., has shown that recently transplanted offshoots 
are hardier than has been supposed. It now becomes a matter of much importance 
to procure hardy sorts of date palms (probably best to be secured in the oases of Per- 
sia and Baluchistan ) for planting in the deserts in the south western United States which 
have hot summers but cold winters. Fort McIntosh, altitude 460 feet, in south- 
western Texas, and Fort Thomas, altitude 1,600 feet, in the valley of the Virgin River 
in southern Nevada, both havea summer climate hotter than that of Phoenix, in the 
Salt River Valley, Arizona, but at the same time colder winters. Late sorts of dates 
of good quality could be matured at these places provided they could pass the winters 
unharmed (see pp. 126 and 134). 


62 THE DATE PALM. 


feet, and at Tucson, at the University weather station, at an altitude 
of 2,230 feet, the temperature fell to 11> F. in 1891, while at Dragoon 
Summit, at about 4,611 feet altitude, some 60 miles to the east of Tucson 
and SO miles southwest of San Carlos, the temperature is not recorded 
even as low as 15° F. in 1891.4 In January, 1891, the temperature did 
not fall below 82” F. at Dragoon Summit, while at Wilcox, only 20 miles 
northeast, and nearly 500 feet lower, the temperature fell to 9° F. A 
still more striking example is shown by a comparison of the temperatures 
at Parker, on the Colorado River, at an altitude of about 500 feet, and at 
Supai, nearly 7,000 feet above sea level, some 120 miles to the north- 
east. In the winter of 1899 and 1900 the temperature did not fall 
below 26° F. at Supai, while the imperfect record at Parker shows a 
minimum of 23” F., that is to say, that although Supai is nearly 6,500 
feet higher than Parker and is about 65 miles farther north, the min- 
imum temperature was actually higher at Supai in winter. Numerous 
similar instances could be cited in California, and the ‘* thermal belt” 
along the foothills of the Sierra Nevada Mountains, adjoining the 
interior valley region, offers some of the most striking examples that 
are known of inversion of temperature. 

All of these anomalies are the result of a drainage of cold air to 
lower levels. During the night, if radiation is unhindered by clouds, 
as is usually the case in arid regions, the air next the ground is cooled 
rapidly and flows from the higher levels into the valleys below, much 
as water would. As the cold air flows into the plains it doubtless 
tends to flow under and to lift up the warm air; at any rate, all eleva- 
ted points where there is a good drainage of air show relatively high 
temperatures during the night, while points located in the valley floor 
frequently show very low temperatures, constituting an exception to 
the general rule that the lower the altitude the higher is the tempera- 
ture. It will frequently be possible to grow date palms along the 
foothills where it would be impossible for them to succeed in the 
plains a few hundred feet below. 

However, high summer temperatures are essential to the proper 
fruiting of the date palm, as will be shown in the next paragraph, and 
the upper limit in altitude of its culture is more likely to be set by 
the insuflicient heat of summer than by the severity of cold in winter. 
At points situated at high altitudes, whence there is a good drainage 
of air, the fluctuations of temperature are less than in the plains 
below, and consequently the winters are warmer and the summers are 
cooler. In order to grow date palms at high altitudes, it will usually 
be necessary to search for canyons or ravines with a southern expo- 
sure, where the air is heated by reflection from mountain cliffs as well 
as by direct insolation. 


« All the data as to temperature at the various points named are from the reports 
of the Weather Bureau and of the State weather services of California and Arizona, 
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HOT SUMMERS NECESSARY FOR THE DATE PALM. 


Date palms require a definite sum of heat in order to mature their 
fruit properly, but the amount varies greatly for different sorts. In 
general the very early ripening kinds are watery and unfit for drying, 
being more like table grapes than like ordinary dates. They can be 
erown far to the north where the summers are not warm enough .to 
ripen later varieties. The Wolfskill is such a date (see fig. 8, p. 31). 
The sorts ripening in midseason can often be dried, but lack the sweet- 
ness and exquisite flavor of the late sorts, such as the Deglet Noor 
(see p. 33). The late sorts, and especially the one just named, require 
enormous amounts of heat in order to ripen properly. The Deglet 
Noor date is produced in the oases of southern Algeria and southern 
Tunis, where fortunately there are well equipped meteorological sta- 
tions whose records furnish a basis for a comparison of the climate 
there with that of American deserts, so far as records are available for 
the latter. 

It has been calculated by De Candolle” that temperatures down to 
18° C. or 64.4° F. have no effect on the flowering or fruiting of the 
date palm, and a study of the record sheets of a self-recording ther- 
mometer kept at Biskra in the midst of a date orchard confirmed 
the correctness of this assumption. In other words, this relatively 
high temperature is the zero point for this plant, so far as flowering 
and fruiting are concerned, though it is able to grow at somewhat lower 
temperatures. The curves shown in the accompanying diagram (fig. 7) 
represent in a manner plain to the eye the heat conditions of Biskra, 
Algeria, in the northern part of the Sahara Desert, in comparison with 
those of Salton, in the lowest part of the Salton Basin.? 

The curves highest up in the diagram represent the mean maximum 
temperatures, the curves in the middle show the mean temperatures 


a4 Géographie botanique raisonnée, I, p. 371. 
>The curves for Biskra for maximum and minimum temperatures are based on 
averages of twelve one-half years’ observations by M. Colombo, summarized by 
Supan (Petermann’s Mitth., Vol. 32, 1886, Lit. ber., p. 32); for the mean temperature, 
on ten years’ observations by Colombo, published by Marcassan (Ann. de l’inst. nat. 
agronom., Paris, 1895). The curve for the maximum temperature for Salton is based 
on the record for two selected years, 1893 and 1899, each having nearly the same sum 
of heat for the fruiting season, from May to October, inclusive, as the average of the 
twelve years recorded. Prof. Alexander G. McAdie, director of the Pacific coast divi- 
sion of the Weather Bureau at San Francisco, kindly furnished the records, as yet 
unpublished, for these years. This curve is smoothed a little and is somewhat lower 
than the true mean maximum, as it is based on observations taken at 2 0’clock p.m., 
which do not always give the highest temperature which occurs during the day. 
_ The curve for the mean temperature at Salton is based on twelve years’ observations 
published by Professor McAdie. (California Section, Climate and Crop Service, 
: Weather Bureau, February, 1901, p. 4.) The curve for the minimum temperatures 
: 


for Salton is not based on any observations, as the minimum temperatures are not 
available; the mean minimum temperatures are estimated to be as far below the mean 
temperatures as the mean maximum temperatures are above. 
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of the whole day, and the curves lowest in the scale show the mean 
minimum temperature. In every case the dotted lines represent the 
record for Biskra and the unbroken lines that for Salton. The months 
of the vear are marked off horizontally and the degrees of heat are 
shown by the height of the curve from the base. The temperatures 
can be read off in Fahrenheit at the left and in Centigrade at the right. 
The heavy black horizontal line represents the zero point for the flow- 
ering and fruiting of the date, 18° C. (64.4° F.). 

It is evident from the first glance at the curves that Salton is much 
hotter than Biskra and that the daily range of temperature is much 
greater, and as a consequence that the mininum is lower in winter, 
at the same time that the mean temperature is higher. 
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Fic. 7.—Curves representing the average Maximum, mean, and minimum temperatures at Salton, 
Cal., and at Biskra, Algeria. 


The zero point for the date palm, 18° C. (64.4° F.), is reached by the 
mean temperature about April 5 at Biskra, while it is passed fully 
three weeks earlier at Salton, orabout March 12. The mean daily tem- 
perature rises more rapidly at Salton thanat Biskra, which brings about 
the result that the period when the date palm flowers, which accord- 
ing to Fischer’s calculations” is when the mean daily temperature is 
between 20° and 25° C. (68-77° F.), extends from about April 20 to 
May 20 at Biskra, whereas at Salton it extends from about March 23 
to April 20; that is to say, if Fischer’s calculations are, correct, the 
date palm will flower about a month earlier at Salton than at Biskra, 


“Fischer, Th. Die Dattelpalme, ihre geographische Verbreitung und culturhistor- 
ische Bedeutung. In Petermann’s Mitth., Ergiinzungsheft No. 64, Gotha, 1881, p. 51, 
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although the zero point for this plant is passed by the mean tempera- 
ture only three weeks earlier. 

The mean temperature at Biskra usually remains above 18° C, 
(64.4° F.) from about April 5 until about November 8, some 212 days, 
or nearly 7 months. At Salton the period having a mean temperature 
above 18° C. extends from about March 12 until about November 20, 
or some 253 days, nearly six weeks longer than at Biskra. As has 
been already stated, the flowering season will probably begin a month 
earlier at Salton than at Biskra because of the abrupt rise of temper- 
ature in spring, and as the mean temperature remains above 18° C. 
(64.4° F.) nearly a month and a half longer in autumn, the season is 
nearly two months and a-half longer, and, moreover, is decidedly 
hotter throughout. It is evident that if the Deglet Noor date can 
mature at Biskra it can certainly ripen perfectly at Salton. 


AMOUNT OF HEAT REQUIRED TO MATURE THE DATE. 


The comparison of the sums of the daily mean temperatures gener- 
ally employed in determining the heat requirements of plants can be 
made only between regions having a somewhat similar climate, and 
some botanists have gone so far as to deny entirely that any trust- 
worthy conclusions as to the development of a plant can be drawn 
from estimates of its heat requirements. To say that the sum of heat 
decides when a plant flowers or when its fruits ripen has been held to 
be equivalent to asserting that the other factors of equally vital 
importance to the plant, such as the amount and nature of its food 
supply, the supply of water, the amount of light, etc., have no appre- 
ciable influence on its development. This criticism doubtless has 
much force in the case of humid regions, where a variable and capri- 
cious rainfall greatly influences the growth of vegetation. In rainless 
deserts, however, where all cultivated plants are watered artificially 
and where the sunshine is almost uninterrupted by clouds, the sum of 
heat becomes a factor of predominant importance in the life history of 
plants, and consequently comparisons between similar desert regions 
in respect to their adaptability for any given cultures may very prop- 
erly be made by determining the sum of heat for the critical periods 
of the plants in question. 

The amount of heat necessary to ripen the fruits of the date palm 
has generally been calculated by adding together the daily mean tem- 
peratures during the months when the dates are developing, generally 
from about May 1 until October 31, six months in all. In this bulletin 
the sum above 18° C. is counted for greater convenience in making 
comparisons, though generally the sum is reckoned from 0° C. The 
table on the following page gives the summation of effective tempera- 
tures during the fruiting season of the date palm for a number of points 
in North Africa and in the Southwestern States, 
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Tasie 9.—Sum of daily mean temperatures above 18° C. (64.4° FP.) for fruiting period of 
date palm from May 1 to October 31, at the stations named. 


temperatures above 
md 18° C, (64.4° F.) from 
Locality. May 1 to October 31. Remarks, 


Degrees Degrees. 
centigrade.| Fahrenheit. 


Algiors, Almeria... css accuee 652 1,174 | No dates ripen here. 

Orléansville, Algeria ........ 788 1,418 | Very early sorts mature. 

Wremnn Cal... 0s secceneen oem 1, 054 1,897 | Average of many years’ observations. Dates of 
sorts grown usually fail to ripen. ’ 

‘Prureson, ALIS «ook venens soe 1,409 2,588 | Average of 6 years’ observations. Dates of the 
sorts now grown usually fail to ripen. 

Cairo. Fey. os sas xs cauwae eee 1, 593 2,868 | Dates ripen regularly. 

Phoenix, Ariz. (Salt River 1, 677 3,019 | Average of many years’ observations. Many 

Valley). sorts of dates ripen regularly. 
Biskra, Algeria (Northern 1, 836 3,304 Average of 10 years’ observations. Many sorts 


Sahara). of dates ripen regularly; date culture the lead- 
ing industry. Deglet Noor dates ripen but 
are not of the best quality. 


Ayata, Algeria, 1890 (Oued 1,816 3,269 | Deglet Noor dates ripened very imperfectly. 
Rirh region), Sahara. | 
Aveta, 199l io. 2.. wsscen eoneee 1, 906 3, 431 ee moe dates ripened very slowly and im- 
perfectly. 
A vata, 3889 23-2. Soa eee 2,091 3,764 | Deglet Noor dates ripened well. 
Tougourt, Algeria (Oued 2,049 3, 689 Do. 
Rirh region). 
Bagdad, Mesopotamia. ...... 2, 356 4,242 | Average of 5 years’ observations. Many excel- 
lent varieties ripen. 1 
Indio, Cal. (Salton Basin) ... 2, 237 4,027 | Average of several years’ observations. 
Pndio, 1Q06. 622 So-3 See eee 2,348 4,227 | New thermometers.! 
MammothTank, Cal.(Salton 2, 585 4,652) Average of 23 years’ observations. 
Basin). 
Salton, Cal., 1903 (Salton 2, 074 3,734 The coolest summer recorded. Observations 
Basin). taken for the first time with standard Weather 
Bureau thermometers in the regulation shel- — 
ters. 
Belton. WGN: o25 yen. eel e's = 2,679 4,823 | Average of 12 years’ observations. 
Salton, 1807-25... 52s" wore 3, 392 6,106 | Hottest sammer recorded at Salton. 
Salton; 1004. -;.2... ssaeeccens 2,749 4, 948 
Imperial, Cal., 1902 (Salton 2, 106 3, 791 
Basin). 


1Until 1903 the temperature records in the Salton Basin were taken by voluntary observers from 
thermometers exposed without proper shelters. Mr. Bernard G. Johnson, who lives in the Salton 
Basin between Salton and Indio, Cal., writes as follows: 

‘* Formerly there were used cheap thermometers, placed at Indio in the shade of cottonwood trees, 
at Salton under an overlapping roof, and at Volcano Springs under a roof that was but slightly over- 
lapping. Now they have standard thermometers placed in regulation thermometer shelters, and 
hence the difference.” 

As might be expected, the older records taken at Volcano Springs proved to be much too high, at 
Salton still too high, though somewhat nearer normal, and at Indio normal or somewhat too low 
when compared with the records taken in 1903 with properly protected thermometers, 


Depar- 


ROU OO 


fe Depar- 
i per | ae temper | #ure 
Station. Month. : from Station. Month. P from 
ature for 3 ature for 
1903 normal 1903. normal 
* - |average. average. 
oF (eo) F. : fe} F, oF 
Voleano Springs....| April ... 69.4 —9.5 || INGIO Scecses 5 Genes lhe De 91.1 — 2, 
Salton’: 320. sage tee Goioa53 72.6 —3.9 || Voleano Springs ..| July .... 90.9 —10. 
FRO qo 0355 Cees d6225 72.6 +0.1' | Galion. x 3e.cl)-.s GG ate 87.8 —ll1. 
Voleano Springs....| May.... 78.5 | — $858: | INGO: ~2eee coe Here 6 (oe ee 94.4 — 0. 
Salton. 222 2 eats Ove 79.1 —d4.0 || Voleano Springs ... August . 95. 2 — 3. 
BIO ccs 23 ens a WO sae. 81.0 +0.9.4) Balter: <) sn.ss<.a5 Boi) ee 94.2 = 3. 
Voleano Springs....| June ... 88.5 —7.9 || Indio ..... saa Hitewn th Seen! s 6.0% 93.1 — 0. 
Halton... .. << ovens os BO ae. 89.4 —4.4 
| 


valley, while it was 0.9 degree warmer 24 miles farther west at Indio?” 

Nevertheless, the sum of the daily mean temperature from May 1 for 1903 was still enough to 
mature the Deglet Noor date perfectly. 

A further proof of the greater sum of heat in the Salton Basin,as compared with the Salt River — 
Valley, is given by Mr. Johnson, who states that cantaloupes ripen at least fourteen days before the Salt 
River Valley melons at Mesa, Ariz., and that, too, before the really hot weather begins, which occurs 
about the first week in June. Mr. Johnson observes that if the same proportion continues, the grow- 
ing season up to November 1 would give about six weeks advantage over Salt River Valley. Now | 
the Deglet Noor date nearly matures at Tempe in the Salt River Valley and will surely ripen where 
it will receive such a considerable sum of heat more than in the Salt River Valley. 
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The records taken at Ayata,“ Algeria, in the Oued Rirh country, 
are of particular interest. The Deglet Noor date is there grown 
largely for export and the meteorological observations are taken in an 
oasis largely planted to this variety. Even here in the interior of the 
Sahara Desert (see map, PI. I], p. 76) the summers are frequently too 
cool to permit this choice date to ripen properly. From three years’ 
observations it is considered that about 2,000° C. are required to ripen 
the Deglet Noor date satisfactorily. At Biskra the Deglet Noor is 
grown, but does not attain the superatively good quality which has 
made the dates of the Oued Rirh famous.’ It will be noticed that 
Phoenix is somewhat cooler than Biskra, making it doubtful whether 
this date will ripen there in ordinary seasons. On the other hand, 
there can be no doubt about the Salton Basin stations being hot enough 
to bring Deglet Noor dates to maturity, even at Indio, in the northern 
edge of the basin, and at Imperial, while at Salton the sum of heat 
during the coolest summer recorded there was greater than the average 
sum for Tougourt, and almost the same as the maximum sum for an 
exceptionally hot summer at Ayata, when the Deglet Noor matured 
perfectly. Zhere can then be no doubt that the Deglet Noor date will 
ripen fully in the Salton Basin, even when the season is eaceptionally 
cool. The importance of this demonstration can scarcely be overesti- 
mated, since it renders it possible to establish in America the culture 
of this choice date, the most expensive of dried fruits, with certainty 
of success. 

The date palm requires very high temperatures, very much higher 
than those recorded by thermometers exposed in the shade, and to 
measure accurately its heat requirements it will probably be necessary 
to devise a thermometer which can be exposed to the sun and which 
will indicate the temperature reached by the leaves. Accordingly a 
summation of the maximum temperature was made for the days from 
May 1 to October 31, which it is thought will give a better idea of the 
adaptability of a climate for date culture than does the sum of the 
daily mean temperatures. In making this summation 18° C. (64.4° F.) 
was taken as the zero point, as in the preceding table, and when the 
daily minimum fell below that point a deduction was made for the 
temperatures below the zero point, where they were considered as 
being a setback’ and as preventing the observed maximum tempera- 
ture from causing the growth or development it would otherwise have 
done. 


“Rolland, Georges. Hydrologie du Sahara algérien, p. 416. 

»In the oasis of Chetma, near Biskra, the Deglet Noor date is said to ripen per- 
fectly, thanks to the warm spring water with which the oasis is irrigated (see p. 49). 

¢For example, the mean maximum for October at Biskra is 27.4° C., or 9.4° 
above 18° C.; the mean minimum is 16.2° C., 1.8° below 18° C. Now 9.4° is 83.93 
per cent of the total daily range of 11.2°, and so instead of counting 31 9.4=291.4° as 
the sum for the month, only 83.93 per cent of this sum is counted, or 244.57° ©, 
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The following table gives the results of such a summation of mean 
maximum temperatures from a number of points where date palms 
grow or can be grown: 


TABLE 10.—Sum of daily maximum temperatures above 18° C. (64.4° F.) for date season, 
May to October, inclusive, at the stations named. 


| Sum of daily maxi- 
mum temperatures. 
Locality. Degrees Degrees Remarks. 
centi- Fahren- 
grade, heit. 
Alsiors: Algeria ...;.+..cane- 1, 482 | 2,667 | No ache ripen. Records by Angot (Météor. 
Algér.). 
Preeno, Cals .s.csackaucuceun 2, 002 3,604 | Very early dates can ripen. Weather Bureau 
| records, 1897-1900. 
Laghouat, Algeria (extreme 2, 337 4,243 | Date culture practiced, but dates inferior. 
northern Sahara). Records by Angot. 
Orléansville, Algeria.......-. 2,593 4,668 | Early sortscan bematured. Records by Angot. 
TUCHON, AVIS. 1/0. cticvnters eee 2, 652 | 4,773 | Early sorts can be matured. Records of Uni- 
versity of Arizona, 1892-1897. 
Biskra, Algeria (northern 3, 049 5,489 | All sorts of dates grown. Deglet Noor dates not 
Sahara). of best quality. Records of Colombo for 124 
| years. 
Phoenix, Ariz. (Salt River 3, 068 5,523 | Many seedling dates mature; some sorts are too 
Valley). late to ripen fully. Records of Weather Bu- 
reau, 1897-1900. 
Ayata, Algeria (Oued Rirh, 3, 295 5,932 | Deglet Noor matures well if summers are hot; 
Sahara). ripens imperfectly during cool years. Rec- 
ords of Cornu for four years, 1896-1899, read 
from charts exhibited at the Paris Exposi- 
tion, 1900. 
Tougourt, Algeria (Oued 3, 666 6,599 | Deglet Noor dates are grown for export. Rec- 
Rirh, Sahara). ords of Angot. 
El Golea, Algeria (interior 3, 990 7,182 | Interior of Sahara, one of hottest stations 
of Sahara). known. Datesareextensivelygrown. Records 
from Toumey, Bul. 29, Arizona Agr. Exp. Sta. 
Bagdad. 225) ace yee ae 3, 898 7,017 | Average of 5 years’ records, published by Will- 
cocks. (Fairchild, Bul. 54, Bureau of Plant In- 
; dustry, U.S. Dept. of Agriculture, 1903, p. 10. 
Salton, Cal. (Salton Basin) .. 4, 059 7,306 | Unpublished records for 1893 and 1899 furnish 
. by courtesy of Prof. Alex. G. McAdie. These 
years have the temperatures for the summer 
season closely approximating to the average 
for 12 years recorded. 
“Salton. 1008:5_ 2 -ccs oe eee 4,010 7,218 | Reeord for 1902 supplied by courtesy of Prof. 
Alex. G, McAdie. 
Imperial, Cal., 1902 (Salton 3, 931 7,077 Dor. 
Basin). 


It is remarkable how nearly alike the sums of the daily maximum 
temperatures are for Salton and Imperial for 1902 when we consider 
how different the sums of the daily mean temperatures are, (See Table 9, 
p. 66). If the records for 1902 are correct at both points it would indi- 
cate a noteworthy difference in climate, the maximums being propor- 
tionally higher at Imperial than at Salton. These sums of temperatures 
show that the Deglet Noor date is certain to mature fully at Imperial, 
‘in the heart of the irrigated portion of the Salton Basin; this is indi- 
cated not only by the sum of the daily mean temperatures, but. still 
more clearly by the sums of the daily mean maximum temperatures 
during the fruiting season. 

It is worthy of note that by this system of calculating the sum of 
heat is higher at Phoenix than at Biskra, whereas the order was 
reversed when a summation of the mean daily temperature was made 
(see Table 9, p. 66). This result leads one to hope that the Deglet 
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Noor may after all ripen in the Salt River Valley. By this method of 
‘alculating, as well as by the summation of the mean temperatures, 
Salton heads the list, being the hottest desert station known.’ There 
“an be no question that the Deglet Noor and other choice late sorts 
will mature here and in the other parts of the Salton Basin. 

The advantages of excessively hot summer climates for date culture 
are demonstrated in the Souf country in the Sahara, a region covered 
with large dunes, sometimes 500 feet high, of wind-blown sand (PI. II, 
p. 76), lying about 50 miles east of the Oued Rirh and probably having 
about the same summer climate as Ayata and Tougourt. The best 
Deglet Noor dates are said to come from the Souf and are grown in 
peculiar sunken gardens excavated toa depth of from 25 to 30 or even 
50 feet. These sunken gardens, called ‘‘Ghitan” or ‘* Rhitan” (see 
fig. 8), are dug down to within a few feet of the level of the ground water 


Fic. 8.—Sunken date gardens in the sand dunes in the Oued Souf region, near El Souf, Algeria. 


and are large enough to contain from 6 to 100 palms, usually from 25 
to 50. ‘The sides are sloping, and composed of sand which reflects the 
sun’s heat and light on the leaves from the sides and from below, thus 
intensifying the heat to such a degree that even the Arabs can not 
work in these gardens during the hottest weather.? In these torrid 
gardens the space is so valuable that the palms are not allowed to pro- 


«See footnote, p. 66. 

)No irrigation is necessary for the date palm in these gardens, as the roots reach 
the moist sand near the water level. The chief labor is the carrying out of the sand 
blown in by the wind. When the hot simoon winds of summer blow, the natives 
do not attempt to work during the day but commence after midnight when the 
temperature is lowest. So difficult is the struggle against the sand blown into the 
gardens by every high wind that their labor has been likened to that of ants rather 
than that of men. 
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duce offshoots, which are imported from the Oued Rirh country when 
needed to plant new gardens. <A single palm may be worth from $80 to 
$100 and may produce as much as 330 pounds of dates, which bring the 
highest price of any in the Sahara. ‘There can be little doubt that the 
superior quality of these dates is due to the accumulation of heat in 
the still air of the sunken gardens by reflection from the bare sand of 
the sloping sides. 

In the Salton Basin the Deglet Noor date can doubtless attain the 
same perfection with infinitely less expense and trouble, since the 
higher summer temperature will give the same heat in level orchards 
that is reached in the sunken gardens of the Souf. 


EFFECTS OF WIND ON THE DATE PALM. 


In the large deserts there are frequently high winds which are 
usually very hot and dry:and sometimes so violent as to carry great 
quantities of dust and sand. Delicate foliage is injured by such winds 
in two ways; first, by being lacerated by the violence of the wind and 
also bruised and abraded when sand is carried; second, by the drying 
action of the intensely hot, dry air, especially on leaves which have 
been torn or injured. Such winds often cause great discomfort and 
even grave danger to caravans in the desert. ‘* The spectacle is fright- 
ful, the impression most painful, the danger real; sand obscures the 
air and singes the face, it fills the eyes, the mouth, the ears; it hurts 
the throat and dries up the water skins of the native caravans, which 
are thereby in danger of perishing.” “ 

Such winds, called ‘‘simoons” or ‘‘siroeccos” in the Sahara, often 
blow several days in succession, sometimes keeping up all night. 
During such winds the relative humidity sometimes falls as low as 2 
per cent at a temperature of 33° C., corresponding to 0.75 mm, 
pressure of water vapor,? whereas the mean humidity of the driest 
month at Paris, for example, is 57 per cent, and at Biskra 25 per cent 
(see p. 53). 

Observations made by the writer at Biskra during a sirocco at 3 
o'clock p. m., May 13, 1900, showed even less humidity. The dry 
thermometer read 38.5° C. and the wet bulb sling thermometer 
15.3° C., corresponding to a relative humidity of 2 per cent and 
an absolute pressure of water vapor of 1.02 mm.° Sometimes the air 
is so dry in the interior of the Sahara that the instruments such as 
have been used do not indicate the presence of any water vapor 
whatever. 3 


“Rolland, Georges. Géologie du Sahara algérien, p. 225. 
bMassart, Jean. Un voyage botanique au Sahara. In Bul. Soe. Roy., Bot. de 
Belgique, vol. 37 (1898), I, p. 273, observations made near Ouargla at noon, May 
23, 1898; the wet-bulb sling thermometer registered 14.2° C., which gives nearly 7 
per cent relative humidity by Prof. C. F. Marvin’s tables (Weather Bureau Publica- 
tion No. 235, 1900). 
¢ Calculated by Prof. C. F. Marvin, Weather Bureau, U. 8. Dept. of Agriculture. 
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Such winds have no bad influence on the date palm, but on the con- 
trary favor the proper maturing of the fruit in regions where the sea- 
son is short and some oases in northern latitudes fail to produce a crop 
if the hot winds do not blow frequently.“ The date trunk is so strong 
and elastic and so firmly attached by the cord-like roots that it is an 
extremely rare occurrence for a palm to be broken or blown over by 
the heaviest gales, although the crown of leaves at the top of the slen- 
der stem exposes the trunk to the greatest possible strain. The leaves 
are very tough and strong and are very seldom torn by the wind or 
bruised by sand. ‘The only harm heavy windstorms do is to interfere 
with the setting of the fruit by blowing the pollen away. This injury 
‘an usually be remedied by repollination after the storm is over. In 
the Salt River Valley, at Tucson, and at many other points in southern 
Arizona, the average wind velocity is low and wind storms are infre- 
quent, so the date palm has in these regions no particular advantage 
over other plants because of its ability to support wind and sand storms. 
In the Salton Basin, however, the case is different, as rather heavy 
winds are not uncommon, and dust and sand are often carried in consid- 
erable amounts. These winds are, however, certainly not so severe as 
in the Sahara and will in no way interfere with successful date culture. 

It seems, however, that in the great date region about Bassorah, at 
the head of the Persian Gulf, the ‘‘shamel,” or hot wind laden with 
dust, may do great damage. Mr. Fairchild states? that ‘tif this (shamel) 
occurs before the dates have sufficiently matured it dries them up and 
covers them with dust, checking their development and soiling them 
so that they are refused by the European and American importers. 
Last year’s crop (1901) was seriously injured in this way, and the 
export was reduced from nearly 2,000,000 cases to about 1,000,000.” 

It is conceivable that the enormous losses occasioned in the Bassorah 
region by hot, dust-laden winds, which are nowhere else reported to 
have so deleterious an action, may be due to the peculiar character of 
the climate at the head of the Persian Gulf. The proximity of the sea 
causes the humidity to be much greater here than in most date-growing 
regions, and this unusual humidity may perhaps render the develop- 
ing dates peculiarly susceptible to injury by desert winds, possibly by 
rendering their surface sticky and thereby causing the dust carried 
by the wind to adhere to them. 

The cold northwest winds which often blow for several days at a 


time during the winter and spring in the Algerian Sahara’ and the 


@ At the oasis of Khabis in Persia dates do not ripen well unless the hot, dry, desert 
wind blows at least forty days during the summer. Abbot, cited-by Fischer, Die 
Dattelpalme, p. 55. 

>Fairchild, D. G. Persian Gulf Dates and Their Introduction into America. 
Bul. 54, Bureau of Plant Industry, U. S. Department of Agriculture, p. 28, 1903. 

Rolland, Georges. Hydrologie du Sahara algérien, p. 416. 
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cold north and east winds in southern Tunis“ are said to hinder the 
pollination of the date palm. When they occur in summer they retard 
the maturing of the fruit and may even cause it to drop. In Seistan, in 
the plain of southern Persia, at an altitude of 1,300 feet above the sea 
level, in the same latitude and altitude as flourishing date oases in the 
Sahara, date culture is entirely prevented and all other fruit cultures 
rendered impossible except in the shelter of high walls by the ** Badi 
sado biat,” or ‘*120-day wind,” a violent, bitterly cold northwest 
wind which blows from the spring equinox until about July 20.2 This 
wind would destroy the flowers of the date palm if they were exposed 
to it, and as the date palm can not easily be protected by walls, its 
culture is not attempted in this region, though it is followed in oases 
lying at higher altitudes far to the north which by their position inthe 
shelter of mountain ranges are protected from such winds. — It is pos- 
sible that in spring cold winds may occur in the Salton Basin, but they 
are probably less violent than in the Sahara, and are of course not to be 
compared to the ** badi sado biat” of Seistan. 


RESISTANCE OF THE DATE PALM TO ALKALI. 


The date palm has long been known to withstand large quantities of 
alkali,¢ and some have even claimed that a certain amount of salt in the 
soil is beneficial to its growth.“ As to how much alkali the date palm 
‘an resist and still grow and bear fruit in profitable quantities practi- 
cally nothing definite is on record, notwithstanding the fact that hun- 
dreds of thousands of dollars have been invested by the French com- 
panies in plantations of date palms in the oases of the Algerian Sahara 
where alkali abounds. Apparently the date palm is so enormously 
resistant that it has not been necessary to pay much attention to the 
amount of alkali in the soil where it is grown. It has been planted on 
soil of practically all degrees of alkalinity and irrigated with all sorts 


@ Masselot, Les dattiers des oasis du Djerid. In Bul. Direct. de l Agriculture et du 
Commerce, Régence de Tunis, vol. 6 (1901), No. 19, p. 121. 

> Bellew, H. W. From the Indus to the Tigris, London, 1874, p. 239. 

¢The term alkali is applied rather loosely to the more readily soluble saline matters 
which accumulate in the soils or in the water of desert regions. In spite of the name 
such salts are mostly neutral in reaction, consisting chiefly of chlorids, sulphates, 
and nitrates of the bases sodium, potassium, and magnesium. Only the carbonates 
of sodium and potassium, constituting the much-dreaded ‘‘ black alkali,’’ are strongly 
alkaline in reaction, and because of their caustic nature much more deleterious to 
most plants than are the neutral salts or ‘‘white alkali,’’ which latter are injurious 
chiefly indirectly by rendering the soil water too concentrated a solution and thereby 
unfitted to nourish the roots. 

@Ibn-el-Fasel, an Andalusian Moor, whose book, written in the twelfth century, 
unfortunately has been lost, is said to have given the exact amounts of salt which 
should be mixed with the manure for date palms. (See Cusa, Salvatore, in Archivo 
storico siciliano, I, 1873, p. 356.) 
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of water, from good drinking water to veritable brine containing 1 
per cent of saline matters. It is the custom to provide for drainage, 
usually by means of open ditches, in the oases having much alkali in 
the soil or in the water. If the drainage is good, abundant irrigation 
has the effect of washing the excess of alkali out of the soil. However, 
even in such situations there has been little study of the best means of 
preventing the accumulation of alkali or of washing it out of the soil, 
and many of the planters have no comprehension of its action on the 
date palm. 


INVESTIGATION OF THE ALKALI-RESISTING POWER OF THE DATE PALM 
IN THE SAHARA. 


In view of the entire absence of trustworthy data as to the alkali 
resistance of the date palm, the writer determined on the occasion of 
his last visit to the Sahara Desert in 1900 to make a study of the soils 
in the date plantations in order to determine the amount of alkali these 
soils contain and what effect it had on the growth and fruiting of the 
date palm when present in excessive quantities. Samples of soils were 
secured in five different regions in the Algerian Sahara (see map, PI. 
II, p. 76), representing several different methods of culture and drain- 
age and showing all degrees of alkalinity. Through the kindness of 
Prof. Milton Whitney, Chief of the Bureau (then Division) of Soils of 
the Department of Agriculture, who also furnished instruments for 
collecting and studying the soils on the spot, these samples were ana- 
lyzed by Mr. Atherton Seidell in accordance with the methods usually 
followed in the Bureau of Soils, namely, by digesting 50 grams of soil 
in a liter of water for twenty-four hours and then analyzing the super- 
natant solution. The analyses made in this manner do not represent 
_ accurately the conditions existing in the soil water, since the amount 
of the slightly soluble salts, especially gypsum, reported is far in excess 
of what could dissolve in the soil moisture, which in the rather sandy 
loam of most of the Saharan oases would constitute about 8 to 15 per 
cent of the weight of the soil, whereas in the method followed in mak- 
ing the analyses about 150 to 200 times as much water was used. In 
this bulletin, therefore, the analyses of Mr. Seidell have been recaleu- 
lated in order to represent more nearly the conditions existing in the 
soil. The amount of calcium sulphate that goes into solution in the 
soil moisture has been estimated at 0.05 per cent in all the analyses, 
except where large amounts of other sulphates were in solution, when 
it was estimated at 0.02 per cent. The amount that dissolves undoubt- 
edly varies somewhat, depending on the quantity and nature of the 
other salts present in solution. However, the amount here estimated 
is not far from the quantity actually present, and its inclusion in the 
analyses renders them much more useful than to omit the gypsum 
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altogether, or to include the very much larger amounts reported in the 
original analyses. 

The solubility of gypsum in the soil moisture is dificult to estimate, 
especially in the presence of large amounts of other salts in varying 
proportions. The researches of Doctor Cameron and Mr. Seidell,? of 
the Bureau of Soils, show that in pure water at 25° C. the solubility of 
calcium sulphate is about 0.21 per cent, or 2.1 grams of calcium sulphate 
per liter of water, which would equal 0.27 per cent of gypsum. Ina 
| per cent solution of common salt 0.44 per cent of gypsum is dissolved, 
and ina 4.9 per cent salt solution 0.75 per cent of gypsum. In mag- 
nesium chloride an even greater solubility was observed and in a 10.5 
per cent solution of this salt 11.13 per cent of gypsum dissolves. On 
the other hand, salts which yield either calcium or sulphuric acid ions 
on solution decrease the solubility of gypsum. Ina 1.54 per cent solu- 
_tionof sodium sulphate only 0.16 per cent of gypsum is dissolved, though 
in a stronger solution more is taken up until, in a 22.2 per cent solu- 
tion of sodium sulphate, 0.26 per cent of gypsum is dissolved. Calcium 
calorid in solution depresses even more the solvent power of water 
for gypsum. 

Estimating the water content of the Saharan soil, mostly sandy loam, 
at 10 per cent on the average, and the solubility of calcium sulphate at 
0.5 per cent (equal to 0.6 per cent of gypsum) on the average in the 
salts such as occur in the Fougala and Oued Rirh region of the Sahara, 
the amount of calcium sulphate to be counted as alkali would be 0.05 
per cent of the weight of the soil. When there were large amounts 
of sodium sulphate present, as at Chegga, the amounts of calcium 
sulphate would be much less, probably about 0.02 per cent (equal to 
0.025 per cent of gypsum) of the weight of the soil.¢ 

This method of expressing the amount of alkali is the one most 
easily applied where the analyses are made by extracting the alkali 
with an excess of water, but it is very doubtful whether it gives a cor- 


“In most alkaline soils the presence of gypsum is advantageous by preventing the 
formation of the very harmful carbonates of sodium and potassium (see pp. 101 and 
119) by neutralizing the poisonous effect of the salts of magnesium (see p. 89). 
The physical action of alkali in rendering the soil water too concentrated to support 
the roots of plants is, however, exerted as much by gypsum as by any other salt in 
solution in equal amounts. 

bCameron, Dr. Frank, and Seidell, Atherton. Bul. No. 18, Bureau of Soils, U.S. 
Department of Agriculture, pp. 39, 40, and 46-57. 

¢ Mr. Seidell’s original analyses are given in every case as a footnote in order to 
facilitate any comparisons which students of alkali conditions may desire to make 
with analyses reported in other ways than has been done by the writer. Asa result 
of this slight emendation the analyses are brought into such shape that the results 
may be compared, without danger of serious error, with the determinations of alkali 
made by the electrical method, on which data all the newest and best maps of the | 
alkali lands of the Southwest which have been issued by the Bureau of Soils have 
been prepared. 
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rect idea of the alkali condition of the soil in relation to crop produc- 
tion, since the most important factor in reference to plant growth is 
the degree of concentration of the soil moisture. Inasmuch as the 
water capacity varies greatly in different types of soils it is easily 
possible that two soils having the same percentage of alkali by weight 
may differ very greatly in their ability to support crop plants sensitive 
to alkali. ‘Thus in a coarse sandy soil having a low water content the 
concentration of the soil moisture may be three or four times as great 
as ina heavy clay soil having a correspondingly greater water capacity. 

Fortunately it is now possible to determine quickly and accurately 
the degree of concentration of the soil moisture with the ingenious 
instrument devised by Professor Whitney and Mr. Briggs, by meas- 
uring the electrical conductivity of a column of soil saturated with 
water.“ While this method shows approximately the degree of con- 
centration of the soil water to which the roots of plants would be 
exposed, it gives no indication as to the composition of the alkali, 
which often varies greatly in soils only a few rods apart. Inasmuch 
as different sorts of alkali vary greatly in their poisonous action on 
the roots of plants, the needs of the biologist and agriculturist would 
be served best by the employment of both methods, the electrical giv- 
ing the concentration of the soil water; the analytical, its chemical 
composition. At the same time a physical analysis of the soil show- 
ing the water capacity would be useful in forecasting the danger of an 
increase in alkali content through the evaporation of saline irrigation 
water or by a rise of alkali from the subsoil. 

The soils secured from the Sahara, with the exception of the one 
above mentioned from Biskra, were all similar in nature, being com- 
posed of sandy loam or fine sand. In consequence the results of the 
analyses reported in this bulletin are fairly comparable one with 
another and are not likely to lead to an overestimate of the alkali- 
resisting power of the date palm, since the water capacity of these 
soils is low, and as a result of this the concentration of the soil water 
is high in proportion to the percentage of alkali present in the soil. 
The limits of alkali resistance worked out in this bulletin are then 
directly applicable to the soils best adapted to date culture, viz, sandy 
loams, and for all other heavier soils are below rather than above the 
true limit.’ 


«This method depends upon the degree of ionic dissociation, rather than the total 
content of dissolved substance, and gives the best physical measure of the relative 
concentration and toxicity of solutions of similar composition. 

bVery coarse sand would have a lower water capacity than the Saharan soils here 
studied, but alkali leaches out of coarse sand very easily, so that in such soil a dan- 
gerous accumulation of alkali is not common, though if present the limits here 
determined for the alkali resistance of the date palm would be too high because of 
the excessive concentration of the soil water in proportion to the percentage of alkali 
present. 
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The very unusual ability of the date palm to withstand alkali is of 
the utmost importance, since it permits it to be grown profitably in 
soils unfit for any other paying crop and where ordinary vegetation 
‘an not grow atall. The date palm is also of great value in aiding in 
the reclamation of alkaline lands; for once planted to dates and reg- 
ularly irrigated the soil improves by a washing out of the alkali if the 
irrigation water is of good quality and if drainage facilities exist. The 
importance of the alkali-resisting power of this plant is so great that 
the results of the examination into the alkali conditions in the Algerian 
Sahara are given in detail, as they constitute the most trustworthy 
evidence so far in existence as to the amount of alkali the date palm 
can stand without injury. 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE AT BISKRA, ALGERIA. 


The first important oasis planted to date palms seen in entering the Sahara by 
the railway is at El Kantara (see map, Pl. Il), where a narrow gorge separates the 
Algerian high plateau from the Sahara, and ina few moments the train passes from one 
region to the other. At El Kantara, however, the date palm is chiefly valuable in 
furnishing a shelter and partial shade to other fruit trees, and it is at Biskra that the 
date palm is first seen under conditions permitting its best growth. This oasis con- 

tained some 95,000 palms in 1882, and now has a total of about 100,000 bearing 
date palms. The two near-by oases of Filiache and Chetma contain 35,000 more. 
Biskra is situated in a plain near the west bank of the Biskra River. The irrigation 
water is furnished by large springs, situated in the bed of the river, which yield 
about 13,000 liters, or 3,434 gallons, per minute. This water has been analyzed fre- 
quently, with fairly concordant results, the content of dissolved salts being given 
as follows by various chemists: Vatonne, 0.216 per cent; Buvry, 0.2236 per cent; 
Lahache, 0.226 per cent; Moissonnier, 0.25346 per cent. 

The detailed analyses by Moissonnier and Buvry are as follows: 


TaB._E 11.—Composition (in percentage, by weight) of spring water used for irrigating © 
the oasis of Biskra, Algeria. 


Cal- |Magne-| Cal- Magne-| Magne- 
5 


: - ee Sodium|~.* Sodium 
4d cium | sium | cium | sium F sium ‘ a7 
Authority. earbon-|carbon-| sul- | sul- _ chlo- ne Silica. | Total. 
ate. ate. | phate. | phate. P oe ey 2 ? 
Moissonnier®! - 2-2... 3232822 0.0278 | 0.0070 | 0.0621 | 0.03857 | Res - 0.0102 | 0.0894 | 0.0024 | 0.2346 
Wingy Sn bo ee “GING 1002) ge’ Se | 0.0280 | .0474| .0878 |........ . 2236 


1 Moissonnier, Recueil de mém. de médicine mil., 3 sér., vol. 31, pp. 260-267. 
2Buyry, Zeitschrit. f. allgem. Erdkunde, N. F., vol. 4, p. 200. Vide Fischer, Die Dattelpalme, p. 41. 


In winter, when there is a flow of water in the Biskra River, the water in the irri- 
gating canals may contain as low as 0.075 per cent of dissolved salts, largely gypsum 
(0.0437 per cent), according to Moissonnier. @ 

The very good quality of the water in winter, together with the shortage of water 
in summer—there being only 0.1 liter per tree per minute when 0.3 is needed (see 
p. 45)—favors the practice of winter and spring irrigation commonly followed in this 


@An analysis of the river water mixed with the spring water after a rainstorm in 
April, 1880, as reported by Rolland, showed only 0.04 per cent of salts, nearly half 
calcium @arbonate (0.01852 per cent). 
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ALKALI CONDITIONS AT BISKRA. a7 


oasis, either indirectly by growing crops needing abundant irrigation between the 
palms, or directly in soaking the ground about the trees. It is doubtless because of 
the very low alkali content of the irrigation water in winter and the only moderate 
content in summer that the alkali is not troublesome in this oasis, although surface 
flooding is never practiced, water being applied in excavations called ‘‘dahir,’’ hold- 
ing a barrel or more (Pl. XVII), which are made about the base of the tree (see 
p. 47). Biskra has clay soils of great depth® (as much as 40 feet) and this doubt- 
less constitutes an additional reason for irrigating by means of dahir, since such 
soils are diflicultly permeable for water and have a great water capacity, so that if 
irrigation were practiced by flooding the whole surface the water would largely be 
evaporated or absorbed by the surface layers of the soil, and only a small proportion 
would ever percolate to the roots of the date palm, especially in summer, when the 
supply of water is scanty. 

Station No. 1, where soil samples were secured, was in a garden belonging to the 
Victoria Hotel, some 25 feet away from a century-old date palm (see Pl. XIII), and 
near a vigorous young Deglet Noor palm (see fig. 1, p. 16). Alfalfa and burr clover. 
( Medicago denticulata) were growing where the sample was obtained. The subsoil 
was a stiff clay. 

The percentage of the weight of the soil soluble in 20 times its weight of water was 
0.42 for the surface foot and 0.40 for the subsoil. The following salts were found by 
Mr. Seidell: 


TABLE 12.—Amount and nature of salts soluble in excess of water in soil from date garden 
at Biskra (expressed in percentages of the total weight of the soil) .' 


Calcium |Magnesium 


: : Calcium Sodium | Potassium 
Depth. bicarbony:|-Dicarpou: | gulphate.'|- ¢hiorid. | ehlorid. |" Tot! 
PTR eee cc 0.19 0.05 0.10 0. 04 0. 04 0. 42 
Subsoil (24 to 30 inches ).....-. 15 . 06 stil 04 . 04 .40 


1This table is identical with Mr. Seidell’s original analysis. 


Disregarding the very slightly soluble calcium carbonate, the following would rep- 
resent approximately the alkali content of the soil water: 


TasLe 13.—Per cent of alkali in soil of palm garden at Biskra, Algeria. 


: F : Magnesium 
Calcium | Sodium | Potassium |*)“5 
Depth. sulphate. | chlorid, | chlorid. | PMarbon- | Total. 
BAM MOG arr i Sea re ak - se Soest kee eee 0.5 0.04 0. 04 0. 05 0.18 
Subsoil (12 to 14 inches) ................--. 5 ‘04 04 06 119 


The amount of alkali present in this soil is insignificant and in no way affected the 
growth ofalfalfa. This sample is also interesting as being a heavy clay soil of the 
sort which largely composes the oasis of Biskra, but which does not occur in the 
other oases studied. Such soils are not considered as favorable for date culture 
as loamy or sandy loam soils; nevertheless date palms grow very well at Biskra, 
although the late sorts do not ripen their fruits properly because the summer and 
autumn are not hot enough. 

Of the area surveyed by Messrs. Holmes and Means, of the Bureau of Soils, in the 
Salton Basin, California, 23,120 acres, or 30 per cent, isa heavy clay comparable to 
this sample, and half this area contains less alkali than the Biskra garden, and a 
quarter more contains only slightly greater rset aes (0.4 to 0.6 be cent), where 


“Such soils are common in the Salton ee in Datisornita: (See PL III, pp. 106 
and 108. ) 
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the date palm would be able to grow as well as in the Sahara oasis, since the irrigat- 
ing water here is of better quality than at Biskra.¢ 
ALKALI CONDITIONS IN RELATION TO DATE CULTURE AT FOUGALA, ALGERIA, 

In proceeding west from Biskra one traverses the so-called Western Zab, which 
is first seen beyond a low mountain range, the Djebel Mendjenaib, adjoining Biskra 
on the west. The Western Zab, or more accurately, the Zab Dahri (Map, Pl. I, 
p. 76, and Pl. XV), is a flat plain, 120 to 172 meters above sea level, which 
slopes gently to the south or southeast. To the north the plain is limited by the 
foothills of the Atlas Mountains, which rise rather abruptly. Throughout the 
Western Zab, at least along the route followed between Biskra and Fougala (see map, 
Pl. IL), there are practically no surface indications of water, the vegetation being 
very scanty, consisting mostly of the ‘‘ Zeita’’? bush ( Limoniastrum guyonianum), 
which usually indicates the presence of much gypsum in the soil where it grows 
(see Yearbook 1900, Pl. LIX, fig. 5). In extremely alkaline spots where chlorids 
predominate the Zeita disappears, and is replaced by saltbushes (Atriplex), sam- 
phires (Salicornia), ete. 

There occur throughout the Western Zab occasional large springs which are used 
to irrigate many oases situated at a somewhat lower level to the southward. Begin- 
ning at Farfar there is seen a most characteristic and most curious system of date 
culture. The young date offshoots are planted at the bottom of pits about six 
feet square, and from 4 to 8 feet deep (Pl. XV, fig 1). An inspection of a freshly 
made ditch, or ‘‘bir,’’ as it is called by the Arabs, shows that the ditch is just deep 
enough to penetrate an impervious hardpan, composed of marl and gypsum. Below 
this stratum water is found and the palms are so planted that their roots can easily 
penetrate to the water level, and after once getting established they are able to grow 
without being irrigated from the surface. As the palms grow older the ditches are 
slowly filled up, the palms in the meantime sprouting forth roots all along the lower 
part of the trunk. In some cases very old trees are seen to be banked up instead of 
being planted in ditches (Pl. XIV, fig. 1). Curiously enough the trees planted in 
such pits are often irrigated, although their roots are in contact with water. As will 
be shown later on, this is doubtless done in order to aerate the subsoil and to wash 
out the alkali, which would otherwise be left at the surface by the evaporation of 
the moisture brought to the surface by capillary attraction. When irrigated, there 
is of course perfect drainage through the bottom of the ‘‘bir’’ to a practically fixed 
water level below. 

At Fougala a French company purchased an entire oasis containing thousands of 
old bearing date palms, and has made in addition extensive new plantations. This 
property comprised in 1900 some 263 hectares and contained about 18,000 bearing 
date palms and 6,000 young trees not yet in bearing. On this property irrigation 
has been practiced on an extensive scale, although the older palms were grown by 
planting in pits as previously described, and were irrigated when young by the Arabic 
method, namely, by raising water from shallow wells by means of buckets attached 
to sweeps (‘‘kitara’’)¢ (Pl. XIV, fig. 2). The wells on this property are from 9 to 12 
feet deep and are from 6 to 8 feet square. They yield about 35 gallons per minute, 
for some three hours, by which time the water is usually exhausted. These sweeps 
are run at this rate by a single Arab, although on some wells there are double sweeps, 
and then two Arabs work side by side. The water from such wells is poured into 
a large receptacle called ‘‘jabia,’’? from which it flows into irrigation ditches. In 


« Biskra water contains from 0.075 to 0.235 per cent of alkali and is worst in sum- 
mer. (See p. 76.) Colorado River water used to irrigate the Salton Basin contains 
from about 0.021 to 0.125 per cent of salts and is best in quality in midsummer, when 
the flood occurs. 

> Marked Zibane in the map, Pl. II, p. 76. 

¢ See also Yearbook 1900, Pl. LXI, fig. 6. 
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addition to these native wells the Companie de l’ Oued Rirh has put down several arte- 
sian wells @ which are some 80 meters deep and yield from 50 to 75 gallons of flowing 
water per minute, which is conducted directly into the irrigation ditches. This water 
is remarkably pure, containing very much less salts in solution than the artesian water 
of the Oued Rirh country or that of Biskra. A rough test of its electrical conductivity 
indicated the presence of about 0.085 per cent of dissolved salts. 

The effect of irrigation with this water is marvelous. Old date palms which had 
made a slow and stunted growth and which had fruited but little, at once grew 
luxuriantly when irrigated and began to bear heavy crops of fruit. Inasmuch as 
these trees had their roots in constantly moist layers of earth, the effect of irrigation 
was in all probability due not so much to the increased supply of water as to other 
actions brought about by irrigation. In the first place, the structure of the soil and 
the manner in which the date palms are planted in pits which penetrate the hard- 
pan, below which standing water occurs, hinder the aeration of the subsoil and at 
the same time favor the accumulation at the surface of the alkali dissolved by the 
capillary currents of water in ascending through the strongly alkaline soil. On the 
other hand, irrigation with the remarkably pure water furnished by the deep arte- 
sian wells would tend to have exactly the opposite effect, namely, the subsoil would 
be aerated by means of the water which had been flowing in surface ditches, and 
secondly, the watering of the date palms with an abundant supply of pure water, 
coupled with a perfect system of drainage by means of the holes through the imper- 
vious subsoil? over which the trees are planted, would bring about the washing out 
of the alkali from the soil, especially where the trees were irrigated frequently and 
with large amounts of water. The hardpan would tend to confine the alkali and 
prevent its rise between the trees after it was once washed out of the soil. 

Although the date palm can grow, as will be shown further on, in soils containing 
as high as 3 per cent of alkali, even when irrigated with strongly brackish water con- 
taining over 0.6 per cent of salts in solution—it being in fact able to endure more 
alkali than any other plant cultivated in the Sahara Desert—there can nevertheless 
be no doubt that its growth is retarded and its fruitfulness lessened by the presence 
of large amounts of alkali in the soil or in the irrigation water. It was noticeable at 


_ Fougala that the trees which were grown in the most alkaline parts of the oasis, and 


especially where surface irrigation withpure water had not been practiced, were 
stunted and showed a pronounced yellowish color of the leaf and especially of the 
leafstalk. This was later seen in the oases in the Oued Rirh country, and it would 
seem to be an indication of an excess of alkali beyond the amount which the trees can 
endure without noticeable injury. 

An effect of pure water similar to that observed at Fougala has been noticed at 
Koseir, in the Egypto-Arabian desert, on the shores of the Red Sea, where Klunzinger 
reports © that dwarfed date palms 30 to 40 feet high grow on the very alkaline soil 
and were nourished by very brackish water, but yield crops of small but very sweet 
dates only in good years after heavy rains. The action of these heavy rains probably 
would be much like that of the irrigation with the pure artesian water at Fougala. 


«The natural springs in the Western Zab, according to Rolland (Hydrologie du 
Sahara), are supplied from the same source that feed: the artesian wells, viz, the 
water carried in the cretaceous strata which are upturned in the Aures Mountains 
limiting the Sahara on the north and which underlie the whole northern belt of the 
Sahara. The water of these springs soaking into the soil feeds the superficial layer 
of water which directly underlies the hardpan at Fougala. Very probably this 
hardpan has been formed by the action of this standing water. 

> Professor Hilgard has noted the drainage through holes in the hardpan in the 
San Joaquin Valley in California. Bul. No. 83, California Experiment Station. 

¢Klunzinger, C. B. Die Vegetation der egyptisch-arabischen Wiiste bei Koseir, 
in Zeitschrift d, Gesellschaft f. Erdkunde, Berlin, vol. 13 (1878), pp. 432-462. 
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It is difficult to say how much of the beneficial effect observed in Fougala from 
surface irrigation is due to the better aeration of the subsoil thereby brought about, 
There can, however, be little doubt that the date palm is distinctly favored by a 
proper aeration of the soil in which it grows, since the palms at Fougala when irri- 
gated from the shallow wells did better than those near by which have their roots in 
contact with the very same layer of water which fills these wells. Of course the 
identity of the water supply in the case in question does not exclude the probability 
of the alkali being washed out from the surface soil by abundant irrigation, even if 
the water used is rather brackish. Unfortunately no tests were made of the water 
in these surface wells, but it is undoubtedly much more alkaline than the water of the 
deep artesian wells. Other observations made at Ourlana in the Oued Rirh region 
went far to show that proper aeration of the subsoil is even more important than 
absence of alkali for the proper growth and fruiting of the date palm. For instance, 
the extremely brackish water which flows from the drainage ditches is nevertheless 
used in some instances to irrigate palms planted at lower levels and without apparent 
injury, although such palms do not show a rapid growth (see p. 98). 

Station No. 1 at Fougala represents the undisturbed desert conditions (Pl. XV, 
fig. 1). It was situated where no culture, drainage, or irrigation had been practiced, 
or at least not in modern times.“ The samples were taken a short distance to the 
northeast of the ruins of an old Roman fort. The natural vegetation consisted of 
a scanty growth of saltbushes, samphires, and other plants able to stand much alkali. 
4 date palm, yellow and evidently not in a thriving condition, was growing near by. 

The amount of alkali present in the surface crust and at various depths is shown 
in the following table: 


TaBLE 14.—Per cent of alkali in undisturbed Saharan soil at Station No. 1, Fougala, 


Algeria." 
. Magnesi-| «3: eer Potassi- | Magnesi-| Sodium 
Depth. peat um sul- lec yert pve} um chlo-| um chlo- |bicarbon-| Total. 
— phate. |S“ : : rid, rid. ate. 
Surface crust.......... 0. 07 0. 41 1.44 9.19 Uo ee ees 6,12 11.76 
Surface soil (1 to 12 
ighes) feet Se 3 . 05 34 .37 3.79 e202 See .08 4.92 
Subsoil (12 to30inches) . 05 4 Cee ee 1.32 ~12 0. 02 .08 1,82 
Subsoil (80to48inches— 
estimated) .......... (.05)| ey SS (.98) (.10) (. 02) (.08)| (1.40) 
Soil (1 to 4 feet—esti- A | | a : woe, yt. 
mates) i+. 27 S- (0. 38) (1. 98) (.08)} (2.44) 


1Mr. Seidell’s original analyses of the samples from this station are as follows: 


Subsoil, 12-30 


Crust. “| Soil, 0-12 inches. frehiae 
Composition. = a She a eee oo E 
Alkaliin | YpmtPeSh| Alkali in piles Alkali in a pus 
soit on of aad tion o pe tion o 
alkali. ar alkali. . alkali. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

a as Fa ee eee ede ataials «ca tas come 1. 65 08 1.39 4,51 |. 1 20. 89 
| aS IE Sia ae Dee, TE a eee .08 48 07 .70 . 05 .85 
1 ge ay oe te A ee ee ee 4.12 23. 81 1. 64 17. 02 .pD4 8.83 
kre etn ae eee eee Cer oS . 28 1. 60 15 1, 62 . 06 1.01 
oO) Re Spee nag eae a ae a he Se ie ee 5. 26 30. 42 8. 86 40.16 3. 26 58.10 
Og. Le eee ena Bis ees Se ea 5. 82 33. 64 2.44 25. 37 .88 14. 34 

1 (So AE SS tee aS A 09 620 Ss eG 62 06 : 

CON AR i 89 MSO Ya ae 17.30 100. 00 9. 62 100. 00 6.138 100. 00_ 

Os i ae eS en 5. 61 82. 38 4,74 49. 28 4.36 70.98 
1 i i Slee Pe ee 41 2.41 34 3.49 23 3.75 
Oe a SoS ce, Soe mine Ermey esa 53 8.08 .29 3. 07 12 1.95 
AG) a RS 5 CaP a a ee 9.19 58. 06 3.79 39.47 1.32 21.60 
INS Ol SA. soe ee ea eee 1.44 8. 35 SF &. 84. |... «cee et See 
INVER COS = , 22 ans ne erage Re Oe 12 aye .08 85 08 1.33 
MgCl, Seeeeeceeeses eee aeeuSESteveeseseacsacso([erseescteevicecececncescesleneeessensleaecaasaese 02 . 39 
a ge a ae ee 17.30 100. 00 9.61 100. 00 6.18 100. 00 


“Similar conditions near this station are shown in Yearbook, 1900, Pl. LX1I, fig. 4, 


in the background. 
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It will be noted that the most readily soluble salts, sodium sulphate and the 
chlorides, are largely concentrated in the surface soil. This is shown graphically in 
the accompanying diagram (fig. 9), in which the curves are smoothed so as to show 
approximately the distribution at various depths of the more important salts com- 
posing the alkali at this station. 

This distribution of alkali is the common one when there is an appreciable rain- 
fall, as in the northern Sahara (about 9} inches at Biskra), but is very unlike that of 
the nearly rainless Salton Basin, where the subsoil often contains more alkali than 
the surface layers. 

This soil was excessively alkaline, the surface foot containing nearly one-twentieth 
of its weight of alkali, and the whole surface soil to a depth of 4 feet containing nearly 
2.5 per cent of alkali. Thealkali is characterized by the large proportion of chlorides 
(amounting to 81 per cent of the total salts), of which almost all is common salt, 
which alone makes up nearly 4 per cent of the weight of the surface foot, or some 
160,000 pounds per acre in the surface foot! 


Depth Per Cent of Alkali in. total aa of Beoetet 


SURFAC 


eee ee Chloria ) 
------ — Magnesium Sulphate 
———- Glauber Salt(Sodium Sulphate) 


Fic. 9.—Curves showing distribution of alkali to a depth of 4 feet in uncultivated Saharan soil at 
Station No. 1, Fougala, Algeria. 


This soil is very interesting as representing practically the extreme limit of endur- 
ance of the date palm for this type of alkali. Unfortunately samples were not 
obtained down to the hardpan, but if the decrease followed the same ratio as in the 
Station No. 2, the amount of alkali in the subsoil at 30 to 48 inches would be about 
1.42 per cent, and the average for the soil to a depth of 4 feet, 2.55 per cent. 

Station No. 2, where the soil was sampled at Fougala, was only a few hundred 
feet from Station No. 1, in a young date plantation, where irrigation had been prac- 
ticed for three years. The samples were taken by cutting away a foot or so of the 
side of the pit, or ‘‘ bir,’’ in which a date palm had been planted three years before. 
Fresh earth was reached before the sample was taken. Hardpan was encountered 


at a depth of 4 feet. The appearance of the locality is shown in the background of 
Plate XV, figure 2. 
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The following amounts of alkali were found: 


Taste 15.—Per cent of alkali in soil of young date plantation, station No, 2, Fougala, 


Algeria." 
Caleiam | Magne- |Sodium|  ainm | Potas- | Magne- | Sodium 
Depth. sulphate,.|__Situm sul- | Ghlorid sium sium bicar- | Total. 
ty : sulphate. | phate. ‘| ehlorid. | chlorid, | bonate. 
Surface, foot .. co. csecece 0. 05 0. 25 0. 04 1.38 OTS ie ae 0.08 1,98 
Subsoil(12 to 30 inches) .. .05 PON be ceeeace . 09 .09 0, 05 . 08 i) | 
Subsoil(30 to 48 inches) - . . 05 "117. | ee . 06 . 07 . 04 09 -38 
Hardpan (48 to 54inches) 05 | SOAs 04 . 06 04 . 08 -3l 
Soil, 1 to 4 feet........-. 21 54 | 08 | 88 
1 Mr, Seidell’s original analyses of the samples from this station are as follows: 
a oy 46 ‘ P Compact gypsum 
: <a Subsoil, 12 to 30 Suhsoil, 30 to 48 c P 

Soil, 0 to 12inches. Sha inchas® te ee 54 

‘ Compo- Mica}; | Compo- : Compo- ; | Compo- 

mares} sition of rs a4 sition of ee sition of Pag) sition of 

fe | alkali. =a” Peale secur | ear ST * | alkali. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Ca eet BoA oeees 1.30 20. 46 1, 23 | 26. 50 138 27.19 1.08 27.70 
| eR ee 05 79 . 04 | 94 02 55 .02 - 46 
INR. oo oa eee .58 9.14 | . 06 1. 24 . 05 1.10 . 02 .51 
ee Be . 09 1. 47 05 sao . 03 .83 - 03 .87 
So A SEE er ee] 3.35 52.70 | 3.07 | 66. 03 2.90 66. 56 2. 63 67. 28 
ek ee al . 92 14.50 .14 | 3.01 .10 2.25 . 06 1. 64 
11S, 0 Sa eee ee 06 | . 94 -06 | 1,29 . 06 1.52 . 06 1.54 
Total <: 3 - ses 6.35 | 100.00 1.65 100. 00 4.34 100. 00 3. 90 100. 00 
Casi c. sane sn ane ste 4, 42 69. 56 4.19 | 89. 99 4.02 92.37 3.68 94. 08 
MeSOa: 62 sabes doves .25 3. 90 15 3.18 .07 1.70 . 04 1.02 
Oy. eens nae! .18 2.83 a 1.89 .07 1.56 . 06 1. 64 
NaCh 2. 22 e set 1,38 21.70 . 09 | 2. 02 . 06 1.48 | 2.50. Sacha ee 
NaoSO, Aer Tr rete . 04 a) i Peay ees) MCRL ree Ry er 
ING HOUs voc eeasaces .08 1.29 .08 | 1.76 . 09 2.07 . 08 2.09 
NCA G Aes See ee A ee oe .05 Lt6 04 .87 04 a Pe 
Total’ ayc.ub-.t 6.35 | 100.00 4.65 | 100.00 | 4, 35 | 100. 00 | 3.90 | 100.00 


The results of three years’ irrigation with pure artesian water is very striking. The 
surface crust has disappeared entirely and the amount of alkali has greatly decreased 
at all depths. : 

Station No. 3 at Fougala was situated in the space between large date palms, which 
were in a most thriving condition as a result of eleven years’ irrigation. Garden 


vegetables and cereals had been grown on the land for a number of years. The 
hardpan layer was reached at a depth of only 26 inches. 
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Taste 16.—Per cent of -alkali in soil in old date plantation, station No. 3, Fougala, 


Algeria.’ 
Calei | Magne- Sodium Potas- | Magne- | Sodium brig oT 
Depth. ; i r wr sium sul- ehiorid sium sium biear- Carbon: Total. 

eee) phate, t ‘| ehlorid. | chlorid. | bonate. She 
Surface foot......... 0.05 0.06 0, 05 0. 02 0.01 Ay; OM |'stnme Vetere 0, 28 
Subsoil, 12-26 ....... .05 6 LZ; lew ed care . 06 . 05 Ba! ee tea . 38 
Hardpan, 26-28...... 05 Re es sce . 08 04 . 03 0, 05 .24 
Soil 1-4 (estimated). (.12) (. 08) (.09) (.29) 


1 Mr. Seidell’s original analyses of the samples from this station are as follows: 


‘ +1 46 ‘ Compact gypsum 
we nie to 26 subsoil, 20 to 28 
=e inches. 


Soil, 0 to 12 inches. 


; - | Compo- -. | Compo- ;- | Compo- 
me 1M) sition of pest sition of ea 1M! sition of 
atu alkali. eum alkali. so alkali. 


oe lew ND EE ee = a aS" 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


0 Anti SR: BS St i SAE ae Sg ene ce 0.31 24.05 1.10 27.03 g I bY 28.03 
Lei, sa, Sire I AS a rr . 01 1. 26 03 . 88 . 03 .70 
TS SE Ly nie ES, SR Seek AOS, Ry eae ES 04 3.30 . 03 . 69 01 25 
Te a YS GER SRS ee alee LA Sm 01 . 94 . 03 13 01 40 
C0 a ee ae re eee: 78 61.33 2.74 67.19 2.73 67.94 
aOR Omen eet ne eh re teh. os oe oleae 05 3.93 . 06 1.57 04 1. 04 
2/0 0) Sieg Si SES eS 06 5.19 08 iO 06 1.64 
PQ Be eck rer oe ous 1. 26 100. 00 4.07 100. 00 4.00 100. 00 
DOE ae Se RRSP Se fe apie rt Se 1. 04 81.76 3.74 91. 82 3. 81 95. 21 
SES QOS ea ae ae 06 4.56 "12 2. 98 O4 95 
Bee EE St ne Cec Moma kine sees « .02 1.73 . 06 1.37 03 75 
eRAUR ree eet Sie eee es .05 TIA SESE SEE Go) BA te eee tanta Seal emer ieee 
PERO pte Soe a iio a aS win 8 BSS ot . 09 7.08 10 2.60 03 90 
| MS oS ap ame aN ‘01 1.10 05 1.23 04 95 
MgHCoOs; 21 Sy I oy CEE ETE no (Tyne IS NSE CaP] ION SCOT el (IOC na eT 05 1. 24 
LM OCITH oat a a Se ee eee! 1 100. 00 4.07 100. 00 4.00 10.000 


The results of long-continued irrigation with pure water and of good drainage 
through the holes in the hardpan are clearly shown in the very much lower percent- 
ages of alkali than at stations 1 and 2. The most remarkable feature of this soil is the 
almost complete absence of conimon salt, so abundant at the other two stations at 
Fougala, where indeed it constituted the bulk of the alkali. The analyses of the 
soils from these three stations represent three stages in the reclamation of very 
alkaline desert land and are very instructive. The conditions somewhat resemble 
those in the Salton Basin, California, where tbe irrigation water is also very pure 
and where likewise the alkali is largely composed of chlorides. In the latter region, 
however, there is no hardpan through which holes for drainage can be dug and which 
would serve to keep the alkali down when once it was washed out of the soil. Where 
good drainage can be provided the soils in the Salton Basin doubtless can be as 
completely freed from harmful excess of alkali as those of Fougala have been. 

Station No. 4 at Fougala was situated in a very alkaline spot—too alkaline to grow 
any crops—near a date palm which was yellow and stunted, but which had never- 
theless managed to live twenty years or more. Only the surface crust was secured; 
it showed the following percentages of alkali salts soluble in an excess (20 times the 
weight of the soil sample) of water. The surface crust from station No. 1 is also 
given, analyzed in the same way. 
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Tasie 17.—VPer cent of alkali soluble in excess of water in surface crusts from Fougala, 


Algeria, 
; 4) ae “Calcium Magnesium Bodium Bodium Potassium | Sodium bi- 
Station, sulphate, | sulphate. | sulphate. | chlorid, chlorid. | carbonate. | TOt#l. 
Surface crust, sta- 
tion No, 42). ccacaeus 3. 81 0. 54 5, 52 4.32 0.40 0.15 15, 04 
Surface crust, sta- 
ton No. bi tecccven 5.61 41 1.44 9.19 53 .12 17.30 
1 Mr. Seidell’s original analysis of this surface crust is as follows: 
Surface soil. Surface soil. 
Alicali in |COmposi- -- |\Composi- 
nape in| tion of Carn in |“ tion of 
vi wy alkali. aeees alkali. 
Per cent. | Per cent. Per cent. | Per cent. 
OR oar Sani toe tet hes BBasees 1.12 7.44.|| CaBOe<. ..onchens eee ee ee eaee 3.81 25. 26 
TE i eet ee oe ars ae 5 ete 17 1,13 |} MgSO. s..- ote eee eee . 84 5. 60 
Dn a ae ie ot ne itor hut aie ea 3.53 | 98.67 |) ReOlivcscste cee beet een eee .40 2.69 
| ES A ecg Be a ott ae oot 1,41 |) Nai coc ecg ten eee 4, 32 28.77 
oC ee Oe Sere Sy eee ay oe 2 <3 7.08 47.10 || Na@abOe. 5 a2 5c cug en ee eee eee 5. 52 36. 71 
lis cre oe. so tae aso os ae 2.81 18.71. || Nakli@Os 2:22 os, s--ouweecee ee 15 .97 
13 (30 ie eee, ee Be ae 12 .70 $$$ —__—_—_- 
toe RES Total 250: teat a Oe 15.04 100.00 
ORAL 2 osedc cra coe eee. 15. 04 100. 00 


The crust from Station No. 4 shows less than half as much common salt (sodium 
chlorid), but four times as much Glauber’s salt (sodium sulphate) as that from 
station No. 1. 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE AT CHEGGA, ALGERIA. 


In traveling southward from Biskra one follows near the course of the Biskra River, 
and passes occasional areas covered with bushes and small trees, which doubtless 
get scanty supplies of water by seepage from the subterranean flow in the river. 
After crossing the Oued Djedi (see map, Pl. I, p. 76), which is the principal artery of 
surface drainage of the Algerian Sahara, but which is usually entirely dry, the Small 
Desert of Morran is entered, a region almost entirely devoid of vegetation. At about 
30 miles south of Biskra the ‘‘bordj’’¢ of Chegga (see map, Pl. II, p. 76) is reached. 
Chegga is about 22 meters (72 feet) above sea level, and is only about 8 miles from 
the Chott Melrirh, a salt lagoon nearly dry, which is here some 90 feet below sea 
level. Samples were secured of the water from a flowing artesian well which irri- 
gates the little group of palms near the bordj, and which in spite of its bad quality 
is used for drinking and for cooking purposes. 

About a mile to the eastward and at a somewhat lower level is a date plantation of 
some size, the property of a French company. Here samples were secured of the 
artesian water used to irrigate this plantation. Analyses are given herewith of the 
water of the two artesian wells at Chegga, made by Mr. Seidell, and also the analysis 
by Carnot? (of the Ecole des Mines, Paris) of the water from the Bir Djefair well, 
some 6 miles north of Chegga. 


« A bordj is a fortified shelter for travelers, such as is common in Algeria. 
>bRolland, Hydrologie du Sahara, p. 294. 
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TABLE 18.—Composition (in percentage by weight) of artesian water at Chegga and of the 
well at Bir Djefair, Algeria, 


Calcium 


Magne- 


Magne- tat ad er Ate 
, : ; : Iron car- | Calcium | + Sodium | Sodium 
Locality. carbon- sium ¢ar-| }onate, |sulphate.| 24 SUl- | uiphate.| chlorid. 
ate | bonate I phate. | I 
TEETH Sere Gio wa das acs |e x te nvasunl tenes ae SNE em 9b 0% 0.1790 0, 0629 0, 2067 0. 0808 
Semen ECS DIONLELION =. 4 waka) av cso sons|cna sepals esac. . 2062 . 0966 .1215 . 1955 
SRRPEIORIE SS vn wre cdacevinaceeess 0.015386 | 0.00187 | 0.00102 . 17784 . 086382 . 06214 . 05364 
Wiiihaten ee 
Potassi- | Sodium | Sodium and oh dee 
Locality. um chlo-| carbon- |bicarbon-| Silica. | soluble matter in Total, 
rid, ate. ate. organic suspen- 
matter, sion. 
GGmea, DOL)! oo. ee secede waes 0. 0133 0, 0030 OR OOB Sues etek te lice ess cota lees bmebe se 0. 5485 
Chegga, date plantation! ...... . 0127 . 0030 0,0 Al fae aA 2 Dee Ee a ee . 6401 
PRIDE ETAL ES .'. Se ete oes noe er sce sQOGSZ-|Seapetar wel sisae<siwie'n' 0.00480 | 0.00030 | 0, 00280 . 41291 


1 Mr. Seidell’s original analyses of artesian water of Chegga are as follows: 


Well at date plan- Well at Bordj 
tation. (drinking water). 
- | Composi- - |Composi- 
Alkali | “4 ae Alkali | “fj ot 
per 100 ee. alkali, |Pe? 100 ce. alkali. 

7 Gram. | Per cent. Gram. | Per cent. 
PME ete Street cia cclaic maid boo esac ce dbabacsatmebm nace es 0. 0607 9. 48 0. 0527 9.61 
es oe Ae, 35 Seite tie pet ice cae} leat De ee ae . 0195 3.05 . 0127 PME IA 
Resa te ets well chad eS es a od lec Oe RE ares ase . 1190 18. 59 . 1008 18. 37 
UO rts Fak HET Ne le oa SE RSS rend, ew APES . 0067 1.05 . 0070 1. 28 
Oh. 3332 3532 A NS Oe ign ey SE SS ns . 3047 47. 60 . 3162 57. 65 
eae re et ae NO eth bc enn seen ae See - 0017 ad . 0017 sol 
OS be se epi Se ee en nl ae 0033 ROL . 0024 . 44 

BRR oe ea STAY ceed 5k Selo wins o ce menieniaionae cee cates 1245 19. 45 0550 10. 02 
MECRULY clad Cesk wenn od oe oa A wees ee De ee Lose eee eee . 6401 100. 00 5485 100. 00 
RRR Tee tens oe eee Seok ches os a aera daca bete roe. 2062 BA 1790 32. 63 
LENG ce ee Se ee ae peel oe ee lt ae a . 0966 15. 09 . 0629 11. 47 
RIE Pt AS Se es a ee el ees cats 8 . 0127 1.98 . 0133 2.42 
DR NER REPEC eS ae ites Poe cyaicralona Sec eee ce emmem te en inmiode vine yl 15) 18.98 . 2067 37. 69 
INCL 2 aS se Re Oe Sa eee Se le as aS ee Ae Do a . 1955 30. 54 0803 14. 64 
SMMC RO Ee ee an ee eS. ol a bes haw ele oce Sees tee ee . 0030 .47 0030 «59 
CRAM pre ere SEL Po oe ies ova cjc.c'cc co cicte ase awe e cece nee . 0046 S(R: . 0033 . 60 
UNE. SS a ee ac ee ee er A ee, ORT eS ta hee . 6401 100. 00 . 5485 100. 00 


2Rolland, Hydrologie du Sahara. 


The preponderance of sulphates is marked in the water of the well used to irrigate 


the date plantation. 


the chlorids make up only 32.529 per cent. 4 
The contrast with Fougala is most striking. There the artesian water was very 
pure, containing only about 0.085 per cent of dissolved salts, whereas at Chegga the 


water contained 0.6401 per cent, or nearly eight times as much alkali. 


They constitute 66.28 per cent of the total soluble salts, whereas 


This water 


“The analyses made by Lahache (Archives de médicine milit., vol. 14 (1889), p. 50) 


have shown the existence of soluble nitrates in the artesian water of all regions of the 
Algerian Sahara. At Chegga 22.5 grams per cubic meter were found, or 0.00023 per 
cent, corresponding closely to the 0.00030 per cent of nitrates and dissolved organic 
matter reported by Carnot in the analysis of the water of the well at Bir Djefair. 
No nitrates were found by Mr. Seidell, though tests were made. Possibly the small 
amounts present had been consumed by micro-organisms before the water was 
analyzed. The nitrates present in the artesian water are considered by Marcassin 
(Annal. Inst. Nat. Agron., 1895) to be of considerable importance in supporting the 
date palm and other vegetation grown by irrigation in the Algerian Sahara. 
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would be counted too alkaline to use for irrigation anywhere outside of the Sahara, 
though at Chegga it is the only water used to irrigate a flourishing date orchard 
planted on soil originally very alkaline, but which has been improved, even while 
being irrigated with such water, by means of drainage ditches into which the excess 
of alkali has been washed. Figure 1 on Plate X VI shows the appearance of these 
palms growing where alkali can be seen at the side of the irrigation ditches. Figure 
2 on the same plate shows a reclaimed area where Saharan alfalfa was growing. 

Station No. 1 at Chegga was in the date plantation in a very alkaline spot, close to 
an offshoot that had failed to grow, probably because of the excess of alkali in the 
soil. The subsoil was taken from the side of the drainage ditch, some 18 feet away, 
and may not represent the true state of the subsoil where the surface soil and crust 
were taken. . 

The crust shows the following amounts of alkali soluble in an excess of water (20 
times weight of soil sample): 


Tasie 19.—Per cent of alkali soluble in excess of water in surface crust from Station No, 1 
4 x" 1 ? 
Chegga, Algeria. 


Potas- Sodium | Sodium 


: | Magne- ‘ ; 
2 Caleium | | Sodium | Sodium :- : 
Locality. : , Siumsul-| - j : sium bicar- | carbon- | Total. 
sulphate. “Shate. sulphate.| chlorid. | ahiorid. | bonate. ate. 
Chegga, Station 1, : 
surface crust...... 3.76 1.68 55. 44 2. 87 0.15 0.16 0. 06 64.12 


The soil shows the following amounts of alkali: 


TaBiE 20.—Per cent of alkali in soil of date plantation, Station 1, Chegga, Algeria." , 


Magne- Potas- | Sodium 


Calcium : Sodium | Sodium ; 
Depth. ,| sium |. a ip : sium bicar- Total, 
oe sulphate. | sulphate.| chlorid. chiorid.«|. howsian 
Surface fo0t = 55.225 soe oes oe 0. 02 0. 20 4.89 0.53 0.10 0.08 5. 82 
Subsoil at 9ifeet=— .2.s.5s.s28- 02 25 1.50 .80 08 . 06 2.71 
Soil 1 to 4 feet (estimated) ..... (2.61) (. 82) (.07) (3. 50) 


ll TE 


1 Mr. Seidell’s original analyses of the samples from this station are as follows: 


Crust. Soil, 0-12 inches. | Subsoil, 36 inches. 
Alkali in| CO™POSi-| 4 jirati in| COMPOSI-| arzali in| ComPosi- 
cat tion of sat tion of ont tion of 
cage alkali. r alkali. a alkali. 


Per cent. | Per cent. | Per cent.| Per cent.| Per cent.| Per cent. 
< 0.96 : 


| EE a Sk LY 1.72 0.97 10. 68 96| 16.12 
GSES bo SS 84 53 “04 44 05 { 
Wa to a es 19.18 29. 90 1.81 19. 94 82 13.77 
| EEE Sa op NE a 08 “12 06 71 74 
Bone: 2 ea he ae ns ree A 41. 46 64.68 5.79 63. 63 3.51 59. 03 
ry RE ir oe 1.81 2. 82 .36 3.94 52 8.82 
FIOOn:.: - cos ae ewes sa 12 .18 06 66 04 68 
C05 ole ne Eee s - 03 O5 |e .cccccochetewtedant eco 

Total. 3) oe ee ee | 64.18} 100.00 9.10 | 100.00 5. 94 100. 00 
CaS: cosh eee 3.76 5. 85 3. 30 36. 30 3.25 54.75 
MoBOs co... 2585. ete eee sea 1.68 2. 62 “20 2.18 25 4.18 
7 + RN Ser Ss 2 ae 15 23 “10 1.12 08 1.42 
NaCh ooo. .cce eee ee Je 2.87 4.47 .53 5. 80 80 13.47 
WenSOs- ci Soc go cue tg een cemeeemnn cos 55. 44 86.49 4.89 53. 70 1.50 25.24 
7 E26 9 ARNE SST LSS ge: “SUE ar 16 125 -08 90 06 94 
NasCOs eS ien.in. “Tig hav msn ein a nec pane a a te 06 OD |. cc werwle cc loue cbc Sa ofa een eee en 

otal. (<n Cee ees 64.13 | 100.00 9.09 | 100.00 5. 94 100. 00 


aThe Chegga water contains over 374 grains of alkali per gallon; whereas 40 grains is usually given 
as the limit for drinking water, and anything above this is considered doubtful for irrigating pur- 
poses, unless the salt in solution is gypsum. Even excluding gypsum, the Chegga water still con- 


tains 250 grains to the gallon, whereas the water of Lake Elsinore, which so disastrously affected the 


orange groves on which it was used near Riverside, Cal., contained only 84 to 116 grains per gallon. 
(See Report, California Agricultural Experiment Station, 1897-98, pp. 99-113 and 126-130.) 
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The amount of alkali is enormous, the largest found in a date plantation in the 
Sahara, and is probably more than young offshoots just rooting can stand, as is 
evidenced by the death of one planted not long before the sample was taken. Older 
palms ean doubtless endure this amount of alkali, for several were growing near by 
in soil apparently identical with the sample analyzed. It should be noted that the 
bulk of the alkali (some 70 per cent of all the alkali present and 2.35 per cent of 
the total weight of the soil), is sodium sulphate (Glauber’s salt), and only 23 per 
cent of the alkali, or 0.82 per cent of the total weight of the soil, is composed of 
chlorids, whereas at Fougala, Station 1, where the alkali was also almost strong 
enough to prevent the growth of the date palm, the total alkali content of the soil 
was much less, being some 2.46 per cent instead of 3.53 per cent, but consisted of 
1.98 per cent of chlorids, more than twice as much as at Chegga. The chlorids 
are, however, without doubt more injurious than sodium sulphate, and both of these 
stations are to be considered as representing very nearly the limit of endurance of 
the date palm—Fougala for chlorids; Chegga for sulphates. 

The surface accumuiation of sodium sulphate, as suggested by Mr. Seidell, may 
well have some connection with the composition of the very alkaline waters used for 
irrigation in which the sulphates predominate and in which sodium sulphate is pres- 
ent to the extent of 121.5 parts per 100,000, constituting 18.98 per cent of the dissolved 
salts (see p. 95). 

Station No. 2, at Chegga (Pl. XVI, fig. 2), is very unlike the first, as it represents 
reclaimed land where Saharan alfalfa was growing. It is to be noted that deep 
drainage ditches ran through the orchard at 50 to 60 feet intervals and provided escape 
for the superabundant alkali, and that this sample was secured near one of these 
ditches as may be seen in Plate X VI, figure 2. The analysis is given herewith. 


TABLE 21.—Per cent of alkali in washed-out surface soil of date plantation, station No. 2, 
Chegga, Algeria. * 


. Magne- . ye Potas- | Sodium 
Depth. haere i Pe es ates sium bicar- Total. 
P ‘|sulphate. , ; ‘| ehlorid. | bonate. 
OS IS eeea i i oer 0.02 0.17 0.04 0.05 0.05 0.06 | 0.39 


1Mr. Seidell’s original analysis of the samples from this station is as follows: 


-. | Composi- -. | Composi- 

atk | ‘tion of atk IN| ‘tion of 

: alkali. ; alkali. 

Per cent. | Per cent. Per cent. | Per cent. 
CDA Shee ee See es ee ae 1. 04 DOOM ECHO ens aiee Lit aetna ets tera hoe 3. 54 90. 29 
EGA OSS Ce ale DP eee ae .03 Ain | ES Ogee eerie nc re Bala 4,29 
is as Sn aa a ce .05 AOS eine ee oe eee ats cee en .05 1.38 
ee ee ee ee .03 Sa eal | NAG ea ake: Se Set ns .05 te oo 
2 Cpe oe Se ee eee 2.65 Gir Ole Nags Oye sues coh cece can eec os .04 1. 02 
Oe ee ee ee so - 06 TPGSr UNSER Ons steene Jue eteadsoe soe: . 06 1. 69 

a EE yaar e oe 05 1, 22 | 

J ifs] 00 ee oe ee 3.91 100. 00 Hf 19) 2 Reg peer ne Mie b Sapa tr 3. 91 | 100. 00 


This soil shows a very low per cent of alkali, considering that the date plantation 
is on a very alkaline area and that the water used for irrigating is very brackish. 
This is almost the same amount of alkali as was found in the valley of the Colorado 
River near Yuma, where alfalfa grew in soil containing 0.498 per cent of alkali in the 
4 upper feet (Loughridge, Bull. 133, California Agricultural Experiment Station, p. 
27). However, at Yuma the irrigation water was of good quality, containing less than 
0.1 per cent of dissolved salts, whereas at Chegga the water was very bad, containing 
over 0.64 per cent of alkali. 


«See footnote a, p. 23. 
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Station No, 3, at Chegga, represents a subsoil thrown up in digging a drainage ditch 
and was so charged with alkali as to have become nearly solid. The soil came from 
a depth of 4 to 6 feet, and contains the following amounts of alkali: 


TABLE 22.—Per cent of alkali in subsoil of date plantation, station No, 3, Chegga, Algeria.* 


Potas- Sodium 


tated Magne- | o.4; ere 
Depth. Desa | sium | Boca Socsnen sium bicar- | Total. 
suiphate.| sulphate, | P™ 5 ‘| ehlorid. | bonate, 
2 | —— 
Subsoil 4 to 6 feet.............. 0.02 0.33 | 0.22 1.16] 0.06 0.07 1. 86 


1Mr., Seidell’s original analysis of the sample from this station is as follows: 


oy; «| Composi- -. |Composi- 
akey i) tion of me IN| tion of 
4 alkali. ba ne alkali. 
Per cent. | Per cent. | Per cent. | Per cent. 
Ch esha ceded saees oe cick 1.11 19.77.) CaSOg vce vcdnvddccassceenete 3.76 67.17 
| Ee Se ee eae ne ee ee . 06 }:23.| MeSQ. ee eee 83 5. 82 
A i a a Sag . 5D 9.74") RC 4 2 ee eee eee . 06 1.14 
ere Re ere ei Bet A . 08 OL | Nae Ol. doses Seca eee 1.16 20. 66 
PA eee ot tans 5 cus era 3.07 64.71 | NaotiOs 2. oe ones tee ee eee eee oie I 3. 96 
| RS oe A rae A PE AYP) 18.06 | NaHCO... 7 ocee eo. pecuweee .07 1,25 
PIC inc etescsccddes chvarea’ 05 93 / 
etal ates wo tes SF 5, 60 100. 00 Total: 2 33ces0- eee eee 5, 60 100. 00 


Though less alkaline than the subsoil of sample No. 1, which contained 2.765 per 
cent, this still shows a very high salt content. 

When date palms were first planted on this property, many of the offshoots were 
lost through excessive alkalinity. The digging of drainage ditches has rendered it 
possible to wash out much of the alkali, even with the very bad water used for 
irrigation, as is evidenced by the fact that alfalfa can now grow on some of the land. 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE AT M’RAIER, ALGERIA. 


Going southward from Chegga, the Little Desert of Moran is traversed until a 
somewhat abrupt descent is reached, which is marked by a series of low cliffs called 
Kef el Dohr. At the base of this declivity there extends an almost unbroken plain, 
which slopes gently to the eastward to the shores of the salt lagoon, Chott Melrirh, or 
rather a branch of it called Chott Merouan (see map, Pl. I, p. 76). This salt lagoon 
is often dry, but always contains mud covered with a white crust of salt two-fifths 
of an inch or more thick. In proceeding southward, the road skirts the edge of the 
lagoon, and during the heat of the day the most deceptive mirages are seen in look- 
ing across the Chott (Pl. X VIII, fig. 2). 

This region is remarkably like the Salton Basin in many ways, and Chott Melrirh, 
like Salton Lake, is below sea level, “ the lowest part or the western border of Chott 
Melrirh being some 100 feet (31 meters) below sea level. The plain to the west is flat 
and extremely arid. Occasional small sand dunes occur, which are like those in the 
Salton Basin. 

The oasis of Ourir, seen in passing, is one of the largest created by the French set- 
tlers, containing some 40,000 date palms. It is 42 feet (13 meters) below the sea 
level. 

A stop was made at M’raier, an oasis of considerable size (some 60,000 date palms) 
owned by Arabs. It is from 10 to 12 feet below sea level. In the village of M’ raier is 
a very saline area, where the scanty vegetation is composed of stunted saltbushes, sam- 
phires, etc. The water level was only afew inches below the surface. A stunted date 
palm grew some 15 feet away from the spot where the soil sample was obtained, but 


«The lowest part of Salton Lake is some 270 feet below sea level. 


i 
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at the side of a drainage ditch. The surface crust obtained here shows the following 
composition, as analyzed by Mr. Seidell, by extracting with an excess of water 20 times 
the weight of the sample: 


TaBLe 23.—Per cent of alkali soluble in excess of water, in surface crust from Mraier, 
Algeria. ' 


Magnesi- Potassi- | Sodium 


Depth. paca pg um sul- Ba hg eet um chlo-| bicar- Total. 
| aor "| phate. | I ‘ : rid. bonate. 
SOTINCS CLURU...c.5 << 2+ cess | 4.66 12. 31 8. 92 29. 18 0. 98 0. 27 56. 32 


| 


1Mr. Seidell’s original analysis of the sample from this station is as follows: 


Bare Compo- + Compo- 
pe oe sition of Al =a cep dition of 
samp ce. sample. samp oe. sample, 
Per cent. | Per cent. Per cent. | Per cent. 

Ee dian coma es ks’ otc <’c,0's 1.37 USA ACT (S10 FE? eye ee a ee ea 4.66 8.27 
COS pak = ae, Se ES ae nae 2.48 EASON tis S10 2a eee a 12381 21. 86 
Pr ede aN le 14. 46 pa 61 Le a ee a ae ee . 98 1. 74 
Ue 456 ee Lee ee . 52 UM INe Crleegeiee st! oo VOL Sie ee 29.18 51. 82 
SUS OUR ASS a 19. 14 Soe MINER) ere tae Maes atte sien aloe as BL - 48 
IM Uy Big pint ete Sees A fet onttc es = 18.15 ee Para MINES Oe otc ag oa oem owes, sree Sls 8.92 15. 83 
Late) Py Se Re ee ene . 20 .35 —_— —____—_ 

— — MO tele cetere oars cece caer 56. 32 100. 00 

re Rs ee SSO es a 56. 32 100. 00 


This crust is remarkable among those collected in the Sahara for its low content of 
calcium sulphate (8.277 per cent of total alkali) and the high content of magnesium 
sulphate (21.86 per cent of total alkali). The extreme sterility of the sink where the 
sample was secured may be due in part to the excess of magnesium over lime, which 
has been shown by Loew to be very injurious to most plants. This was the only 
sample obtained in the Sahara, where magnesium sulphate was in excess of gypsum. 
Common salt makes up one-half (52 per cent) of the crust. 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE AT OURLANA, ALGERIA. 


Going southward from M’raier one soon enters the Oued Rirh region proper. The 
Oued Rirh or Rirh River is a chain of chotts (salt lagoons or dry salt beds) occupy- 
ing a partially filled up, dry valley, which runs from Tougourt almost due north to 
the Chott Melrirh, with a gradual fall to the north, amounting to some 270 feet in the 
70 miles from Bledet Amar ? to Chott Merouan (see map, Pl. I, p. 76). The Oued 
Rirh has a very shallow valley, bordered on the west by a nearly flat plain of sandy 
loam soil (largely planted to date palms), which rises gradually toward the barren 
hills, which are reached at a distance of from one-half to 10 miles from the valley. 
To the east of the chain of Chotts this country is sandy, and dunes occupy most of 
the surface. Small dunes sometimes occur on the west side of the valley. 

This valley is some 200 feet above sea level at Tougourt and is slightly below sea 
level where it enters the Chott Merouan. It isabundantly supplied with flowing 
artesian wells and is one of the most celebrated date regions in the world. The 
famous Deglet Noor date, reported in Tunis to have originated in the oasis of Bledet 
Amar near Temacin at the southern end of the Oued Rirh, is largely grown here and 
constitutes almost the sole export. In all parts of the Oued Rirh date culture is the 
chief industry, and in many oases the date is the only plant grown, as the very 


4 Loew, O. Relation of Lime and Magnesia to Plant Growth, Bul. No. 1, Bureau 
of Plant Industry, U. 8. Dept. of Agriculture, and also Kearney and Cameron, Report 
71, U.S. Dept. of Agriculture. 

b Marked Bled et Ahmar in the map, Plate II, page 76. 
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alkaline soil and the high salt content of the irrigation water preclude other profitable 
cultures. 

The artesian water at Ourlana, as elsewhere in the Oued Rirh, is confined below a 
compact stratum of pudding stone which lies some 175 to 250 feet below the surface. 
Below this pudding stone is a layer of loose quartz sand, more or less mixed with 
pebbles, which contains an abundant supply of water under sufficient pressure to 
give a ready flow, frequently to the tops of the lower hillocks in the plain. 

The French engineers Jus and Rolland, who have studied exhaustively the ques- 
tion of the origin of the water supply of the Oued Rirh, agree in believing that the 
original source is in the Atlas Mountains to the north, where the heavy rainfall and 
snowlall (some 5} feet annually) is absorbed by the upturned cretaceous strata and 
conducted in these strata to the south, where it first reappears in the great springs 
of the Zab region along the northern border of the Sahara. The water of these 
springs and of many others which are believed to exist, though the water never 
reaches the surface, soaks into the pervious strata of the Saharan formation and flows 
southward toward the Oued Rirh country,4 becoming imprisoned beneath an imper- 
vious pudding-stone layer, except where natural openings exist and allow the water 
to reach the surface ? or where artesian wells have been put down. 

On the Ist of October, 1885, Oued Rirh contained 114 flowing wells put down by 
the French and tubed with iron, 492 flowing wells constructed by the natives, and 22 
natural springs, which were used for irrigating. The total supply of water furnished 
by these wells and springs was 253,698 liters per minute, or 4 cubic meters (over 
1,050 gallons) per second, having an average temperature of 25.1° C. The largest 
flowing well is No. 4, at Sidi Amran, which was put down in 1884. It flows 6,000 
liters per minute. 

The beneficial effect of French occupation has been very marked in the Oued 
Rirh, where in 1856 there were 33 oases, all in a state of decay. They were nourished 
by 58,000 liters of water per minute and contained only 136,000 date palms, for the 
most part old and yielding but little fruit. Thirty years later, thanks to the artesian 
wells put down by the French, the total yield of water had been raised to more than 
253,000 liters per minute; all the old oases had been put in a flourishing condition 
and new ones had been created, so that in 1885 there were 43 oases containing 
509,375 date palms in full bearing, and about 138,000 young palms from 1 to 7 years 
old. The native population had more than doubled during this time and the value 
of the oases had increased more than fivefold. 

The oasis of Ourlana, of which a special study was made, is located nearly 100 
miles south of Biskra, at an altitude of 113 feet above sea level, and is in the most 
fertile part of the Oued Rirh. Within a radius of 10 miles of Ourlana there are no 
fewer than 15 oases irrigated from 32 artesian wells (30 of which are modern tubed 
wells of French construction) and from 16 springs—‘‘ behour.’’ These 15 oases con- 
tained in 1882 over 182,000 date palms, and nearly half of these oases have been 
much enlarged since then, so that they now, doubtless, contain over 200,000 date 
palms. 


« The water of these springs of the western Zab contains on the average 0.203 per 
cent of dissolved salts. Those springs which reach the surface indirectly after filter- 
ing a distance through the superficial strata yield water showing a larger per cent of 
alkali—about 0.268 per cent on the average—and by the time the water has soaked its 
way through the Saharan strata and flowed to the Oued Rirh country, the alkali con- 
tent has risen to an average of 0.487 per cent. 


> Forming the springs and small lagoons called ‘‘behour’’ and ‘‘chria’’ by the ~ 


Arabs. 
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The well—Puits Desveaux—from which the plantation was irrigated, yields an 
abundant supply of very alkaline water. Mr. Seidell’s analysis is as follows: 


Tasie 24.—Composition of artesian water (Puits Desveaus ) used lo irrigate dale plantation 
at Ourlana, Algeria. 


Magne- | Magne- Potas- Sodium. | Sodium 


Caleium : Sodium ; 1 
sium sium 5 : sium earbon- biearbon-| Total. 
sulphate. suiphate.| chlorid. ehlorid. | chiorid.| ate. | ate. 
Composition in grams 
per 100 ce. are 
age by weight) ...... 0. 2327 0. 0645 0. 0690 0). 2478 0, 0148 0, 0030 | 0. 0040 0. 6353 
Percentage of total 
salt content......... 36.70 10.18 10. 85 38. 98 2.25 47 | . 64 100. 00 


1Mr. Seidell’s original analysis of the artesian water of Ourlana is as follows: 


i _.7; Composi- - |Composi- 
Alkali ’ : Alkali é 

tion of _,| tion of 

per 100 ee. alkali. per 100 ee. alkali. 

Gram, | Per cent. Gram, | Per cent. 
OO A aS ee eee 0. 0685 TAD TeoeIN OAS Oda a e'aicis.c corms ni= 0 u'-eisiawie ewe 0, 2327 36. 70 
US ub hE oe ee a ee eee . 0305 BRM Oger. siecle wa ace cwiaey . 0645 10.13 
ce Re eee . 1001 LOM PL Ollotncl.c arid smic we sla cao a’ . 0690 10. 85 
a CaN, Oe ee Sonn aoe . 0075 LUSTRE ST aT SUS ee gue NES A a ge ee a a . 01438 2,25 
Re eta ne neo cid 2 = 2S . 2155 CIC IN UCU Les Sete oS br es eet ee nee . 2478 38. 98 
C8 2 ee . 0017 Sd en Ontetnisc occas S2a- 52 <2 ae . 0030 .47 
a ROUT at de IE Sere oe ee . 0030 BABI HEIN ELAS Opis arc ters Su ue cyte averdie elem = . 0040 . 64 

PL Se ak ee tee ee . 2085 32. 83 

PRRCNERRN ee ne eae cis: Shalcie ie | . 63853 | 100. 00 OTA sa eeckc a oe oon . 6353 100. 00 


In contrast to the water of Chegga (see p. 85), having almost the same amount of 
dissolved salts, in which the sulphates predominated, the chlorides are here in excess, 
constituting 52 per cent of the total dissolved salts, while the sulphates make up 
46.83 per cent. The average of 26 analyses of the water from flowing artesian 
wells in the Oued Rirh is given by Rolland @ as follows: 


TABLE 25. er aee composition (in percentage by weight) of 26 samples of artesian water 
from the Oued Rirh, Algeria. 


Sulphates ...-- Beg eens PL se toe ares Menke ce SSS ge ast. 0, 20496 
MR MCR RSet aot Wr ce SL OR RE ety Bel os ee abe mene os . 21279 
SORT Ee Corey ot Se eee ere ee ee OO, Oe ae ewes . 01257 
Nitrates and dissolved organic matter.......-.-..-- Rare ere ee ae . 00411 
Silicates and suspended matter ..........---..-- ESS ee rR i Ties ee . 00310 

Mp wpa. sailiears RS By See ieee BRU yn tie: Aaa wR. I eras Se . 48693 


It will be noticed that the sulphates preponderate over the chlorids in this table, 
though not so much as in the Chegga water. 

Station No. 1 at Ourlana was near the bordj and not far from the well. Young 
and old date palms were growing near by in good condition. There was an open 
drainage ditch near by, but this did not prevent the formation of a surface crust of 
alkali. At 36 inches below the surface water was found, and below that level the 
sand was very wet, resembling quicksand. 


« RoUand, Hydrologie du Sahara, p. 260. 
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The surface crust showed the following composition: 


TABLE 26.—Per cent of alkali soluble in excess of water in surface crust, from Station No. 1, 
Ourlana, Algeria." 

Caloium anlpliatess eo cco eas < ceo ce <cwicscccdcccucgeapcoueeleeLeee 3. 21 
Magnesium sulphate sires exc te n'e cob vc cuca ec wes on wee eee een ae kee eee 2. 67 
Macnestnm: GRi6gie ps een sk caw ns avs cu cc au cc ccccccoageaveeteeeeune en ae Ay 6 | 
Sodiuin chiovid Jiscwiceaseces se bes eee ccc ta cd newbs ae n ean 7. 52 
Potassium chiovin <3. 8 Fs 26 Goes ee ecu ene cccnsgceeen pepe e eee . 29 
Bodtum leer homeless. usc. ck. cL. 5. 2 sales we cee eee eee eee 12 

rr hea oni dues & coo <b vnc ce cc Sddausieagen ewe eee 14. 52 


The soil to a depth of 4 feet showed the following amounts of alkali: 


TaBLE 27.—Per cent of alkali in soil of date orchard, Station No. 1, at Ourlana, Algeria.* 


=e |Magnesi-| «4; Potassi- | Magnesi-| Sodium 
Depth. bese er um sul- melee, um chlo-|um bicar-|  bicar- Total. 

way ‘| phate. °) - oxi bonate. | bonate. 
Surinne 1008 sas 0. < hisay andes 0. 05 0.16 | 0, 23 0. 03 0.03 0. 03 0.53 
Subsoil, 12 to 24 inches ........ . 05 Bi .16 01 oY: SA) Lae eet 37 
Subsoil, 24 to 36 inches ........ . 05 .09 ae . 03 Ai ~ oe 282 
Subsoil, 36 to 48 inches ........| 05 10 | 13 02 02 . 03 -35 
Sol). 1 to4 feet. :.c-.<.<.x .165 .18 045 89 


1Mr. Seidell’s original analyses of the samples from this station are as follows: 


Cleat Soil (0-12 Subsoil (12-24 | Subsoil (24-86 | Subsoil (36-48 
i on inches). inches). inches). inches). 

Compo-| Compo- Compo- Compo- Compo- 

Alkali} sition | Alkali! sition | Alkali! sition | Alkali} sition | Alkali} sition 

in soil. of in soil. of in soil. of in soil. of in soil. of 

alkali. alkali. alkali. alkali. alkali. 

Per ct. | Per ct. | Per ct.:| Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct.| Per ct. 
Cas. tS. ee 0.95 6.51 0.75 | 24.80 0:80) 22545 0.24] 22.16 0. 26 DFT 
a eee ee 79, 4.96 | . 04 1.18 . 03 2.12 . 02 2.20 . 02 2. 04 
BS ss es 2.99 | 20.62 .10 2:22 . 06 4. 54 .05 4,21 . 06 5.10 
ee eee, 15 1. 04 .O1 . 53 .01 . 45 .O1 1,28 .01 1.02 
Pe hrer cn eect ates ae 4.40 | 30.30 1.95 | 63.83 80 | 60.32 65 | 59.71 69 58. 84 
OR ae nt hk 5:28°} 85.99 15 5. 06 10 7.87 0s 7.69 09 7.83 
PIG O at oe 08 58 04 1.38 03 a 03 pe 04 3. 40 
TPotal?>.25.2-. 14.52 | 100.00 3.04 | 100.00 1.32 | 100.00 1.09 | 100. 00 1.17 | 100.00 
CaSO oA Oa S| ©.2.067| 84.28 1200: | 75.95 582" 75227 87 73.98 
ecto ep ae 2.67 | 18.39 16 5. 40 nAull 8.32 .09 8. 24 .10 8.33 
1 8 RS At ee 29 1.99 03 .99 01 . 90 03 2.38 02 1.87 
Nahe ee Soo 7.62.) 51.78 23 7.67 16sl. 2250t 12} 10.81 13 11.40 
Nah COns2s... 23362 2 . 80 03 99" |. «2. aomnhe pe eeeetae eee eee eee 3 2.38 
MeGines st. oes Ay A SOP sd awegalleecace nisl ea catdec lodeepe ea ee = eee Neel eaters tae 
MaerOOn 625 eG eee beeen. <5 03 77 . 04 2.72 03 3. 30 02 2.04 
Pots: = 29.2 14,52 | 100.00 | 8.04 | 100.00 1.32 | 100.00 1.09 | 100, 00 1.17 | 100.00 


The fourth foot from the surface, where the subsoil was full of water, shows a 
larger amount of alkali than does the third foot. This amount of alkali was eyi- 
dently without effect on the date palm. 

Station No. 2 at Ourlana (Pl. X VII, fig. 1) was of much interest, because located 
between old and flourishing date palms which had been planted ten years or more. 
Notwithstanding the existence of a drainage ditch only a few feet away and of the 
fact that the irrigation water had been applied to the whole surface of the soil by 
flooding, the surface still showed a considerable crust of alkali. Water was 
encountered at a depth of 80 inches, which was below the level of the shallow 
drainage ditch. 
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The surface crust showed the following composition: 


Tasie 28.—Per cent of alkali soluble in excess of water in surface crust, Station No. 2, 
Ourlana, Algeria. ' 


INTE RU Eos S ltd PER ale aks pA vie ek masivden seme din su se tat 4, 88 
TEL WI THERUG | 0.5 wad eee ENE Tela tla Son cles aod als a cede nn we Sew ce 2.57 
MERIC SUELO LCN 5.5, iin a ce REG Ie cla Uwe <n wih mine Bie cin yom hin dn Dh RE op . 60 
RO TRRERIO 85 =. So ot ee Rah hte dy rain ns» Su! oicin'wi at's sales ain eu, o' As 10.15 
PINE MOTNROIUS nc ae 5k ate RS DEK oad Ge ci Ricinie ees dd ate pa eS ale sine or Me 
SRE CMM UNSTIBIG. 0 <.. anc. > SY ER lp S ono al Lado vows pebw eh Mlshc/ seca 2 

PM ear i. oT 5 at ee ES Be il ca nn cnictee shee s ees eadens 18. 43 


The following table shows the amount of alkali in the soil: 


TABLE 29.—Per cent of alkali in soil of date plantation, Station No. 2, Ourlana, Algeria.? 
) A ] ) ’ ) Y 


Nolnt Magne- | Magne- | q.4; Potas- | Sodium 
Depth. bs ras sium sium ery sium |bicarbon-| Total. 
SuUIpAacve-| sulphate.| chlorid. *| chlorid. ate. 
— —— a | ——— 
Lh Och a ia.s) A 0.05 0.15 0.27 0. 90 0.05 0. 07 1.49 
Subsoil, 30 to 34 inches ........ .05 v1 Rail (2 ee ae a xf . 03 . 08 . 48 
Soil, 1 to 4 feet (estimated) . (. 20) (. 445) (.077) (; 72) 


1Mr. Seidell’s original analyses of the samples from this station are as follows: 


ae : Subsoil (30- 
Crust. Soil (0-12 inches). Tee of 
-a}; | Compo- - | Compo- - | Compo- 
ae sition of pan sition of Ese) sition of 
as alkali. . alkali. oa NEAT 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
REIKO oe 5c Pais a'c di tatrarete oma ates 1.44 7.79 24. 21291 1. 02 26.15 
WEE acl ae hee Se fe PT Oe oe ES 2 .67 3.65 .10 hada . 03 . 76 
Sots ce se ee oe RES Ae ON et SO Pe ee rari Sy 4.03 21. 88 son 6.61 .09 2. 30 
1 set sk ee ee eS ee eee = . 06 2oL .03 . 50 . 02 - 46 
eee ee eek Sle ee win ca ola cis Saree oe 5.49 29. 80 3.09 54. 63 2.57 65.77 
Se ER eS RE Se 6. 65 36. 08 Bir 13. 64 .12 3. 02 
ECC ONE oh ag BS eee ee eee ee .09 49 .05 95 . 06 1.54 
MOU OL ic ota eek oe es oo cic ace 18. 43 100. 00 5. 65 100. 00 3. 91 100. 00 
DPSS CT Ade ha SRT SR ie al a 4,88 26. 47 4,21 74. 41 3. 48 88. 89 
LT ST Oe oe et Re, gy ee eR 2.67 13. 94 B15 2. 65 15 3.79 
WUE Sb eB et Se Re 8 aed ee ee eee . 60 BY | ay 4f UE oes Ma ey a oe eee See 
it OY Whe til phe 2 Sak aS a 0 a ee A ge BA it | . 60 .05 .92 03 | . 82 
LEC ei a ie OI Ae ee Ba ce 10.15 55. 05 . 90 15. 87 ra ls 4.40 
EIR MOA OES el ink. ee os ce tare wae 5 cee 2 .67 .07 leo: 08 2.10 
ECU IS a Bie i Ie EL Ae en 18. 43 100. 00 5. 65 100. 00 3.91 100. 00 


The date palms were growing luxuriantly and fruiting abundantly here, entirely 
unaffected by the alkali, though they must withstand nearly one-half per cent of 
chlorids. It is interesting to note that over 60 per cent of the land surveyed by the 
Bureau of Soils in the Salton Basin has less alkali than was contained in this soil. 

Station No. 3 at Ourlana was situated about half a mile from the bordj, in a low 
and badly drained part of the orchard, where the palms did not look so vigorous and 
healthy as they did elsewhere. Below 26 inches’ depth the sand was full of water 
and perfectly fluid, like quicksand. 
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The surface crust showed the following composition: 


Tasie 30.—Per cent of alkali soluble in excess of water in surface crust, Station No. 8, 
Ourlana, Algeria." 

Calcium sulphaGe cise boas <n oes ce vce c ccc ccccecuscemndecunwan ve anneal 3. 23 
Magnesium sulphate. ._._.-.-- cea ec becvecns vespeampnb at mentee nnn ane . 03 
Mamneninm GIO ak oases cio ans cee e ee eens nace nels sean . 49 
Bodin GUiORiG ses ow obo ic ois nn oc a on en oe eae mune sien ee 1, 20 
Potanmirin Ghee ec ss cose ec ces - eee encmuspariees onan wae . 07 
Sodium bicarnometes. . ..< 5... --.-- 2.0 ccc eeees cous bmn eee .12 

GR ini bee Ghee ds os ween press come eg bak tie eae ae 5, 14 


The following table shows the amount of alkali in the soil: 


TaBLe 31.—Per cent of alkali in soil, Station No. 8, Ourlana, Algeria.’ 


ee | Magne- | Magne- | «4; Potas- | Sodium 
Depth. abt bi aera sium pened sium |bicarbon-| Total. 
sulpaate.’ salphate.| chlorid. * | chlorid. ate. 
eS E ae Le CSE SAD Sap) Fags 
Suriacd. lOO s..... cvsedee wake | OD hewn a cleo 0.08 0. 04 0.02 0.08 0.27 
Subsoil, 12 to 26 inches ........ a) yl eee a2 .09 . 04 . 04 .07 <a 
Subsoil, 26 to 30 inches ........ . 05 0. 04 .07 i. O04 .07 .38 
Soil, 1 to4 foot (estimated) (. 07) (.19) .07 .33 


1Mr, Seidell’s original analyses of the samples from this station are as follows: 


; ae. dinahas, | Subsoil (12 to 36 | Quicksand (26 to 
Crust. Soil (0 to 12 inches). inches). 30 inches). 

-. |\Composi- ali iy, | COMpoOsi-| 4 4-41; 7, | Composi- -. | Composi- 

sor: Mm | tion of AES 1M! tion of ey 10 | ‘tion of + 11.) “tion of 

nes alkali. — alkali. ae alkali. 3 alkali. 

Per cent. Per cent. Per cent. - Per cent. 

Bias fo eee ace 0.95 18. 49 0.90 27.85 1,05 27. 54 1.02 26.81 
1 ea Me 3 RE 8 13 2.57 2 .67 02 57 03 . 68 
1 eae ER ae eS 50 9.81 04 1.15 04 94 06 1.68 
Rie YESS a 04 70 01 . 36 02 63 02 63 
7 Re che 2.31 44.88 2.15 65. 67 2.52 66. 03 2.48 65.10 
eens So ae ee 1.13 21. 92 10 2. 98 it 2.88 14 3. 68 
oe OR a 08 1.63 06 1.82 05 1.41 05 1.42 
Wotales ote 3: 5.14 100. 00 3.28 | 100.00 3. 82 100. 00 3.80 100. 00 
Peet 28 ee "8.98 62. 84 3. 05 93. 01 3.58 93.56 3.47 91. 05 
Ly eh ean eee 08 GB: \oce. ncvccishs oc aaletes eee cee 04 1.05 
CTH eee ees eae 49 9.61 09 2.61 09 2.25 07 1.84 
a + DOR ee aS 07 1.32 02 . 67 O4 1.15 04 1.16 
Mat AE eas 1.20 23. 32 04 1.21 O04 1.10 nt 2.95 
MabOUs 0.8520... 12 2. 25 08 2.50 07 1.94 07 1.95 
Totel<. 2k: 5.14 100. 00 3.28 100. 00 3.82 | 100,00 3. 80 100. 00 


This soil is unique among those analyzed in showing a slight but evident increase 
in the alkali content, especially of the harmful chlorids, as the depth increases and 
a predominance of magnesium chlorid over the other chlorids in the upper layers 
of the soil. 

Mr. Seidell called the writer’s attention to the influence of the composition of the 
irrigating water on the nature of the alkali. 

The rather unusual occurrence of chlorids of the alkaline earths in the water 
which contains magnesium chloride to the amount of 0.069 per centis paralleled by 
the occurrence of the same salts in large amounts in all the surface crusts from Our- 
lana. There can be no doubt that the composition of the alkali as it now exists in 
the soil of the date orchards of Ourlana is profoundly influenced by the alkali left in 
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- the soil by the evaporation of the water used for irrigation. Three acre-feet of such 
water, the least amount needed per annum, would carry on to the land no less than 
50,000 pounds of dissolved salts, and, subtracting the excess of gypsum, some 40,000 
pounds of harmful alkali, or 0.1 per cent of the surface foot of soil and 0.025 per cent 
of the 4 upper feet of soil. Of course, some of the water drains off directly, and 
even leaches alkali out of the soil, but much remains in the soil, and on evaporating 
leaves the alkali behind. 

After a number of years’ irrigation with strongly alkaline water such as that of 
Ourlana a condition of approximate equilibrium is reached between the amount of 
alkali carried to the land and the amount leached out by the drainage water. The 
composition of the alkali in a soil in such a condition doubtless depends much more 
on the composition of the irrigation water than on the character of the alkali orig- 
inally present in the soil before irrigation was practiced. The influence of the com- 
position of the irrigation water on the nature of the alkali is naturally most clearly 
marked on lands that are well leached out by means of irrigation for a long period of 
time with an abundance of water, accompanied with thorough drainage. 

A comparison of the composition of the alkali at two such stations, one at Chegga 
and one at Ourlana, is of interest, because the artesian waters used for irrigation at 
these two localities contain almost identical amounts of dissolved salts, though of 
very different composition. The following tabulation shows the proportions of the 
principal salts in the water and in the surface soil: 


TABLE 32.—Proportions of sulphates and chlorids present in alkali of irrigation water and 
in well-drained long-irrigated surface soils at Chegga and Ourlana, Algeria. 


Total 


‘ ° amount of 
Sulphates | Chlorids alkali 


in alkali | in alkali 


Station. (parts per | (parts per ere: 
100 of total | 100 of total | Cnt of 
alkali). alkali). witdelae 
soil). 
Chegga, artesian water (well by date plantation)...........-.---- 66.28 32.03 0. 6401 
Chegga, surface soil (Station We By ee ee res Ries tt 58.97 25. 64 .39 
Ourlana, artesian water (Puits Desveaux) ...-.-...---.-.--------- 46. 83 52.08 6353 
Ourlana, SHrINGe BOL (SLallon: NOs 1!) 5222 ate ete See 2S 39. 62 49.06 .0o 


It is clear from this table that sulphates preponderate at Chegga, both in the irri- 
gation water and in the alkali of weli-drained surface soil after irrigation for a term 
of years, while at Ourlana the preponderance of chlorids, though not so great as 
that of the sulphates at Chegga, is nevertheless plainly marked. In both surface 
soils the approximation in composition of the alkali of the surface soil to that in the 
irrigation water is evident, and is rendered still more clear by a study of the bases. 
Magnesium, for example, is decidedly more abundant in the artesian water at Our- 
lana than at Chegga, and in consequence the surface soils at Ourlana likewise show 
more magnesium than those of Chegga. 

All three Ourlana stations show amounts of alkali large enough to be dangerous to 
ordinary crops, and, in fact, in this oasis no other cultures were observed such as were 
followed at the other oases studied, and all three stations show a pronounced surface 
crust in spite of long-continued irrigation, accompanied with drainage by open 
ditches. The sandy nature of these soils and their consequent low water content 
cause the concentration of the soil water to be much higher in proportion to the per- 
centage of alkali present than in heavier soils having a greater water content, such 
as those of Biskra, for example (see p. 77). There is then every evidence that the 
date palm is unharmed by these quantities of alkali, even when irrigated by water 
of very bad quality, full of harmful chlorids. 
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In Table 33 are given the results of the analyses of the soils from the ten Saharan 
stations where samples were obtained. The alkali content of the soil is expressed 
in percentages of the total weight of the soil, as in the preceding pages. All esti- 
mated quantities are inclosed in parentheses. 


TABLE 33.—Percentage of alkali in Saharan soils where date culture is possible and in 
artesian water used to irrigate date plantations. 


Sul- Chlo- Bicar- | Car- Total | 


Station and depth. phates.| rids. peng ee alkali. Remarks. 
BISKRA, STATION NO, 1, 
Surtace 100k: «ss. .s sseseeeew cme 0.05 0.08 0.06:) s}eceiceee 0.18 |\(In an old and flourishing 
Subsoil (12-14 inches) .......... 05 08 RO ga bape res a .19 f date plantation. 
FOUGALA, STATION NO. 1. | ) 
Surface crust..........-<s--s--- 1.92 | 9.72 Ree eee 11.76 / 
Surface soil (1-12 inches) ...... .76 | 4.08 S08) Rice es 4.92 Undisturbed desert soil ad- 
Subsoil (12-30 inches) .......... .28 1. 46 730) See oe 1.82 > joining young date-palm 
Subsoil (30-48 inches).......... a) (1.40): 1) COB) coeceee (1. 40) plantation. 
Soil (1-4 feat) |... sac eo Cosy. 11:08) | CBB 4atecees: (2.44) | 
FOUGALA, STATION NO. 2. | 
cares 1 Siscaeireny a” See ee OSs” Pesan anes = | 
Subsoil (12-30 inches).......... mT 28 O84 waa oe .5 , : : 
Subsoil (30-48 inches) .......... Ta MO 1 ge eee pice TE abe: Pres i 
Hardpan (48-50 inches)........ . 09 . O4 eRe Cee vane A ; 
Soil (1-4 feet). 22255 ..2 32h . 54 2NGE iis oe se 83 | 
FOUGALA, STATION NO. 3. | 
Surface foot: 05 Scent eeute. s < .09 08 BS By eee 2 ishi te 
Subsoil (12-26 inches) --...1.21 5 ae es he as ee 33 || (Old Sours a erg wl 
26-28 j 7 ‘ 2, Phi ayers Ss 
Hardpan (26-28 inches)........ . 09 .07 Ob i 24 continued irrigation. 
Sofi (14 feet) oo eee (.12) | (.08) (200) micten es (. 29) 
CHEGGA, STATION NO, 1. 
Surface foot...... Pa eee OL Sl 5 68 A) een eer 5. 82 3 
Subsoil at 3 feet....-. sss, 7 |. | copuiee: 2.71 eee barely ste 
Boil (3-4 feet). ke ieee (3.61)° | (-82)°9) C02) “es (3.50) : 
CHEGGA, STATION NO..-2. 
Suriace fouk!..u ee: 23 .10 eae es os .89 | Washed-out surface _ soil. 
Saharan alfalfagrowshere. 
CHEGGA, STATION NO. 3. 
Subsoil (4-6 feet) ............... .57 | 1.22 DR aha toms 1.86 | Formed a solid crust on ex- 
posure to air. 
OURLANA, STATION NO. 1. 
Surface foot... cca eeneetar. il . 26 DRY RA Se act 53 
Subsoil (12-24 inches) .......... .16 ay | cORS ies on .37 fe... 4 
Subsoil (24-86 inches).......... 14 Pi 3% SOB ort, aoe ease oe | Flourishing date plantation. 
Subsoil (36-48 inches) .......... 15 -15 SOR Sibi coe .30 | 
Soil (1-4 feet)... =. fee . 165 A ks) 045 Si. . 392 
OURLANA, STATION NO. 2. P 
Surtace foot... aeeee. sk . 20 1. 22 OP aii ctemsie 1.49 ishing old date planta- 
Subsoil (30-34 inches). 12.2221! ae WR We We hoe ete ‘48 Pe Neate 
Sell: (1-4 feet). 23233 20): |. (445) 4 OF aes (.72) 
OURLANA, STATION NO. 3. 
Gurieec foot...-<..2.:..+ss5c~uen - 05 14 08 fac.a-aee 27 es] % vigorous than at 
Subsoil (12-96 inches) .......... et 87] OR peed Tame | haart shir 
Subsoil (26-30 inches) .......... 09 22 00 shila ares . 38 and 2. 
poll (4 feat) oe. eee ee fee, 40.29) | (07) cae (. 33) 


ARTESIAN WATER. 


CHEGGA. 

Well at date plantation........ 0.4243 | 0.2082 | 0.0046 | 0.0030 | 0.6401 
OURLANA. 

Poits Desyeaux .;..-.5-.-.<.-.- .2972 | .3311 | .0040 | .0030/ .6353 
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PREVIOUS AND SUBSEQUENT ANALYSES OF ALKALINE SOILS FROM THE SAHARA. 


Two analyses of soil from the vicinity of Ourlana are reported by Rolland.¢ These 
analyses were not complete, for all the more soluble constituents are lumped as salt, 
which is here synonymous with alkali. The vegetable soil of a new garden (see analy- 
sis No. 23, in Table 34) at Tala em Mouidi, very near Ourlana (Saharan formation), 
showed 6.8 per cent of alkali. Another soil (No. 24, Table 34) was from Mazer, 
about a mile northeast of Ourlana. Here the sample was of washed soil of a salt flat 
not yet under culture; it contained 3.4 per cent of alkali. The same work reports 7 
per cent of alkali in the vegetable soil (No, 21, Table 34) of a garden at Tougourt, 20 
miles south of Ourlana, and at Coudiat el Koda, very near Tougourt, no less than 
29.5 per cent of the estimated weight of the soil (No. 19, Table 34) of an alkali flat 
was composed of alkali (see analysis No. 19). The same soil (No. 20, Table 34) 
washed for two years and put under culture contained only 0.5 per cent of alkali. 


TABLE 34.—Composition (in percentage by weight) of Saharan soils, collected by Rolland. 


j | 
hea | Silica as Beds: scree Calci- | Water 
ber o . : ; . or , | oxid |bonate UM jgqgye} and 
analy- Nature of sample. quartz Clay. “of set _| sul- Salt. organic Total. 
sis. sand. iron.| lime. ean phate. matter. 


14 Vegetable soil of a garden 
at El Golea (quaternary).. 39.0] 6.0] 3.0 43.0 700. \ OL Die 0; 6 0.3 99.4 
19 | Soilof Sebkha (alkaline flat) 
at Coudiat el Koda, near 
Tougourt (quaternary) ... 50.0} 5.0) 1.0 5.0 22081 9 B20 2\29;.0 2.0 99.5 
20 | Same soil as No. 19 washed 

for 2 years and put under 


RIMUROMCee ee ccin neous 70.0] 9.0/1.3 7.0 1.0,) 5:0.) '0:5 6.0 99.8 
21 | Vegetable soil of a garden at 
Tougourt (quaternary) ....} 48.0] 6.0] 2.0 9.0 0:7, |( 22.0) | 72.0 5.0 99.7 


23 | Vegetable soil of a new gar- 

den at Tala em Mouidi 

(Saharan formation)....-. 11.8 | 55.5 | 1.3 8.0 12h Sc Ors) 628 PELL 99.6 
24 | Washed soil of Sebkha (salt 

flat) not yet under culture 

at Mazer (modern)........ 30.0 | 26.0 | 0.3 7AV AU |S Ree aae 15.0 | 3.4 5.0 99.7 
16 | Soluble portion (84.91 per 

cent) of Saline incrusta- 

tion of Sebkha at El Golea 

AGIA OLSTU iro lore wesc crs were sine | ae Re ise es 2453 | COS ne ed bale ee 2.95 |95. 16 1. 59 | 100. 26 


1Roliand, Géologie du Sahara, analyses by Ecole des Mines, Paris. 
2 at a readily soluble salts occurring in these samples are lumped as salt, which is here equivalent 
to alkali. 


None of the soils analyzed for Rolland was selected with any reference to date cul- 
ture, and it is only from the samples secured by the writer and analyzed by the 
Bureau of Soils, which have been described above, that any adequate idea can be 
formed of the ability of the date palms to resist alkali. This power to withstand 
alkali is one of the most striking among the life-history factors of this tree, since, in 
this respect, it exceeds all other cultivated plants except possibly the cocoanut palm, 
which latter is not killed by sea water containing 3.4 per cent of salts in solution.? 

Mr. O. F. Cook informs the writer that on Cape Mesurado, in Liberia, a Phoenix, 
perhaps P. reclinata, grows on the sea beach nearer to the surf than any other upright 
vegetation, among the stunted shrubs killed back by the salt spray. The fruit of 
this palm, though of inferior quality, is eaten by the natives. Hybrids should be 


@ Rolland, Georges. Géologie du Sahara. 

> Ehrenberg and Hempricht report that on the island of Farsan, in the Red Sea, 
date palms grow directly out of the crevices in the coral rock, of which the whole 
island is composed, and although said to be irrigated from springs it may be found 
that the trees are subject to occasional inundation by sea water. 
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made between this and the common date palm, in the hope of securing alkali-resistant 
date palms able to mature fruit near the sea in California. 

Through the courtesy of Mr. Thomas H. Means, of the Bureau of Soils, the author 
is enabled to present the resultsof the analyses of soils from date-palm plantations of 
the Oued Rirh country in southern Algeria secured during the trip he and Mr, Thomas 
H. Kearney made in 1902 for the Office of Seed and Plant Introduction and Distribu- 
tion. These soil samples, which were collected after the above pages were writ- 
ten, were obtained in the same region as those secured by the writer two years 
previously, and amply confirm the writer’s conclusions as to the extreme resistance 
of the date palm to alkali. Mr. Means’s tabulation is as follows: 


TABLE 35.—Resistance of date palms to alkali at four stations in the Oued Rirh country in 
. the Sahara Desert in Algeria. 


Chemical analysis. Estimat- 

pooner Pe — Neola ty 
rtic de- alkali in 
Depth sania soil mois- 
Location. Condition of palms. od AS le, | tions of | Total | Gyp- | Harm-|ture(gyp- 
total | salts.*| sum. | ful, | Sum put 
salts. at 0.06 per 

cent).@ 

Inches. 

M’raier ........ cr a = 0-12 a Pe ee 
Os. oo sees et nooo nv aca pains 12-36 | ee er Ae PE 
DO ssidsedastocuee Se ea sign = ammo 0 36-60 oD. [es sacncste snes sel aw ee kanal 
Ourlana ....... Good; 18 years old......2..... 0-12 61.5 4. 36 3.45 0.71 0. 76 
DO is vacs fe nleneee GOR 4.2 2) 12-36 b.36 4,02 2. 20 . 82 . 88 
DO oewee nak Good; 20 years old ............ eee Rte oe 4.77 3.79 . 98 1.03 
Dos? 5... eeee 0 OP See, See 12-86 fee a see 4.46 3. 89 57 -62 
DOs a3 i, cclelewer a Nes, 08 Se se hl RPA So oh 4.63 3.53 1.10 1.15 
DOs a saat settee DOSE. 8 ae (1=4:Tt.) oh kc. caclog | eateee's chee eea oe beeen . 86 
Ourir 47.522 PR ee vi vain nis asncgens Q-12 p.ke to Soe 6.99 2.38 4.61 4. 66 
Os .d~s oants eee ae ae See eee el es tr 4,82 3.90 92 97 


a This column has been added to Mr. Means’s table, and shows the amount of alkali, counting cal- 
cium sulphate at 0.05 per cent in accordance with the method outlined on p. 74. These sums may 
be compared with the analyses reported on the preceding pages and with the alkali content of soils 
determined by the electric method. 

bIn regard to the seeming discordance between the results of the determination of the amount of 
alkali by the electrical and chemical methods, Mr. Means writes as follows: ‘‘ The apparent discrep- 
ancy between the total solids as determined by the bridge and by chemical analysis in the samples 
collected from 13-year-old palms at Ourlana is due to error in sampling, for the a sent y the 
laboratory was collected from a different hole from the sample determined by the bridge.” 


The amount of harmful alkali is very high in these soils, higher in fact than in any 
of the soils collected by the writer except at Chegga, Station No. 1, and Fougala, 
Station No. 1. These newest analyses demonstrate anew the remarkable alkali 
resistance of this wonderful palm and sbow that it is perhaps more resistant than 
the writer’s soil samples seemed to indicate, and make his estimates of its probable 
resistance conservative, to say the least. 


DRAINAGE WATER FROM ALKALINE SOILS USED TO IRRIGATE DATE PALMS IN THE SAHARA, 


It is a remarkable fact, showing the high resistance of the date palm 
to alkali, that drainage water is used to irrigate date palms even in the 
Oued Rirh region, where the artesian water is strongly brackish as it 
flows from the well, and where in addition it must seep through the 
very alkaline soil before reaching the drainage ditches. Such palms 
are said to be less vigorous and to yield less fruit. There are several 
date plantations in the oasis of Tozeur, in the Tunisian Sahara, which 
are irrigated exclusively by water from the drainage ditches of gardens 


«See Yearbook of the Department of Agriculture, 1902, p. 573. 
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situated on higher land.“ These plantations are so low that drainage 
is impossible, and naturally the growth is poorer and the yield lower 
than in better situations, but it is remarkable that even date palms 
should be able to grow at all in such situations. 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE IN THE SALT 
RIVER VALLEY, ARIZONA. 


A recent soil survey of the Salt River Valley region made by Thos. H. 
Means? shows that there are considerable areas, perhaps 1 per cent of 
the land in the valley, where the amount of alkali in the soil is from 
0.25 to 0.50 per cent, or enough to be dangerous for most crop plants, 
and much more, perhaps 5 per cent of the land, contains over 0.5 per 
cent where none but alkali-resistant crops can grow. Most of these 
alkali spots are caused by the rise of the ground water in the lowest 
levels, as a result of irrigation, until it comes so near the surface that 
moisture reaches the surface and alkali is carried up from the subsoil 
by the capillary currents of water. Such ground water has leached 
from higher levels and is often charged with considerable amounts of 
alkali. 

The water used to irrigate the Salt River Valley is diverted from 
the Salt River and conducted to the fields in open ditches. The river 
is low during summer and the water often contains a considerable 
amount of harmful alkali in solution. Prof. R. H. Forbes, who made 
a study of the water of the Salt River from August 1, 1899, to August 
4, 1900, finds that from June 1 to August 4, 1900, the average content 
of soluble salts was 139 parts per 100,000, of which only 8.2 parts per 
100,000 consisted of the harmless gypsum, leaving 130.8 parts per 
100,000, or 0.13 per cent of harmful alkali. Professor Forbes remarks 
that ‘‘it is to be remembered that this year (1900) was exceptionally 
dry, and the waters were consequently concentrated for a longer than 
usual time. Nevertheless, for a considerable portion of each year 
these waters are low and salty in character, and it remains true that 
their use (which is unavoidable) must be attended with remedial care.”° 

Professor Forbes considers it probable that with the prevailing agri- 
cultural practice of Arizona the use of irrigating water containing 
100 parts of soluble salt per 100,000 is likely in a few years to cause 
harmful accumulations of alkali. In view of this danger the great 
value of the date palm is obvious, since it can support very much more 
alkali than is sufficient to kill other crop plants. 


@Masselot F. Les dattiers des oasis du Djerid. In Bul. de la Direction de I’ Agric. 
et du Commerce, Régence de Tunis, Vol. 6, No. 19, April, 1901, p. 132. 

’Means, Thos. H. Soil Survey in Salt River Valley, Arizona, Field Operations 
of the Division of Soils, U. S. Department of Agriculture, 1900, pp. 287-332. 

¢ Forbes, R. H. Bul. 44, Arizona Agricultural Experiment Station, Tucson, 1902, 
p. 166. 
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As was noted on page 86, water as alkaline as this is without any 
direct effect on the date palm and could be injurious only by leading 
to the accumulation of alkali in badly drained soils after many years 
of heavy irrigation. 

A sample of surface crust from an alkaline spot south of Tempe, 
Ariz. (sec. 3, T. 1S., R. 4 E.), near where the Cooperative Date Garden 
(Pls. XXI, XXII, and fig. 6, p. 36) is located, shows the following 
relative amounts of alkali soluble in excess of water (50 grams of soil 
to 1,000 grams of water), which may be compared with the analyses 
of crusts from the Sahara and from the Salton Basin (p. 134): 


TABLE 36.—Percentage composition of alkali (soluble in excess of water) in surface crust 
from near Tempe, Ariz.4@ 


Celottim enlpnete. = foo eas co. 2 oe cow oe es ae’ timeline 1. 56 
PIORRRINIT ORIDNSIC. oo. < J 5 5 oon ow 2 on ee eo ns vos ie pe el ee ene 3. O4 
SE , ono e ono 0 nin ee i alle pete ae an 8.98 
SIC CRNEDE TUM oe ena ban win mee wns once ene s neue ds vee e ee ae 59. 72 
PONMBGIOI CRIOTUD ss. oo. 8. ae eee ee neds cc ween Sea eee ee 12.18 
Sodium CSFDOnate oo Sil. 3... -. 5 .- se o in Sais oe wel teen i 4.14 | 
ROCHIETEN, TMPERE DON saa a wn po nee ooo am nee = sie ee ee 10. 38 
Total per cont of weight of soil ......... 22... .si2nskeeces caer ame ae 2. 56 


The surface soil (1 to 12 inches in depth) from the same station 
shows the following amounts of alkali stated in per cents of the weight 
of the soil: 


TABLE 37.—Per cent of alkali in surface soil from Tempe, Ariz. 


OUR OS Us wee nue cbs Same eee meee een 0. 06 
IR ORIE BEIT OTO see oe o-oo mo oo 5 ee ee on wren whe a . 06 
Bocas BURR 2 see es cs no se wn ne ce ea eee . 22 
Bieririmn GRIOMIG . Seo eee cc es ee ie ee es 3a 1.53 
Pitan CHIANG co oa. o. . 55. eee en os ns cwen ene deat eee 23 
BOGiiin COTOOMMIG soccs.. -. owe 5 ee ew eee ea eee ba 06 
Bodram inesrbonate o- .. .c~ - 25.2 c ee ee ee ca caceeceepeseeeees seen . 32 

AUN a eS Se iene co bi wb 5 a oc weno nm iad eh 2. 48 


It must be remembered that in the Cooperative Date Garden at 
Tempe the roots doubtless reach a subsoil containing much less than 
this amount of alkali. Most of the alkali spots in the Salt River 
Valley can be planted profitably to date palms if care be taken in irri- 
gating (see chapter on drainage, p. 50). Near the date garden alfalfa 
was killed by the rise of alkali a few years ago, and even pear trees 
showed evident signs of distress, while a date palm growing alongside 
was entirely unaffected by the alkali. 


a Analyses quoted from Thos. H. Means, Field Operations of the Bureau of Soils, 
Second Report, 1900, p. 320. 
’Calculated from an analysis reported by Means, 1. c., p. 320, 
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[t should be noted that the alkali occurring in many parts of the Salt 
River Valley, represented by this sample, is of a different type from 
that found in the Algerian Sahara and in the Salton Basin, California. 
In the last-named regions the alkali is of the ‘* white” kind and con- 
tains only very small percentages of carbonates or bicarbonates. In 
the Salt River Valley sample, on the contrary, the alkali is of the 
so-called ‘* black” sort, and contains an appreciable amount of the 
highly poisonous sodium carbonate, which is much more injurious to 
most plants than is ‘‘ white alkali.” Black alkali is intensely alkaline 
in reaction,® and because of this reaction is highly corrosive to the 
roots of plants. It also has the property of dissolving the humus of 
the soil, which causes the formation of black crusts and of black spots 
in the fields where this type of alkali is abundant; whence the name. ’ 

From the thrifty growth of the date palms in the Cooperative Date 
Garden at Tempe, Ariz., in soils approximating the above sample in 
the amount and nature of their alkali content, it is probable that the 
date palm is able to resist small quantities of black alkali. Further 
researches are, however, needful to settle this point. (See p. 120.) 


ALKALI CONDITIONS IN RELATION TO DATE CULTURE IN THE SALTON 
BASIN, CALIFORNIA. 


GEOGRAPHY AND GEOLOGY OF THE SALTON BASIN. 


The Salton Basin, or Colorado Desert, (see Pl. IV, p. 122, fig. 10, 
p. 102, and Pl. XVIII, fig. 1),° is a basin the center of which is far 
below sea level (some 263 feet below at Salton). It is surrounded by 
mountains on three sides, and is limited on the south by sedimentary 
deposits of the delta of the Colorado River which have piled up con- 
siderably above the sea level. The high San Jacinto Mountains on 
the west effectually protect the basin from the cold and humid winds 
from the Pacific Ocean, while the still higher San Bernardino Moun- 
tains form a barrier on the north that stops the cold winds that sweep 
across the Mohave Desert; on the east, San Bernardino and the lower 
Chocolate Mountains limit the basin. 

That part of the Salton Basin which lies below sea level was covered 
until comparatively recent times by the Gulf of California, which then 
extended much farther north than now. The Colorado River, which 
then flowed into the gulf near where Yuma is now situated, brought 
down at flood times an enormous mass of sediment, which gradually 


« Alkali, in spite of its name, is often composed of neutral salts, such as sulphates 
and chlorids, and has in consequence no pronounced alkaline reaction. (See p. 72.) 
bSee also Pls. LX X XVII to XCV, Means and Holmes, Soil Survey around Impe- 
rial, Cal., in Ficld Operations of the Bureau of Soils, Third Report, 1901; also 
Pls. XXIII to XX VI, Coville and MacDougal, Desert Laboratory of the Carnegie 
Institution, Publication No. 6, Carnegie Institution of Washington, November, 1903. 
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Fig. 10.—Sketch map showing the Salton Basin and the easily irrigable lowlands in the Colorado 
River Valley in Neyada, Arizona, and California. The area inclosed by the dotted line is below sea 
level. Based chiefly on maps of Lieutenant Ives and of the International Boundary Commission, 
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built a bar across the narrow gulf and cut off the upper portion, now 
the Salton Basin, from the sea.“ 
Barrows says:? 


All this took place in very recent times. The Coahuila Indians, who to-day inhabit 
the upper end of the valley, have a distinet and credible tradition of the drying up 
of this lake and of the occasional sudden return of its waters, and the Dieguenos, who 
lived at a time when the supply of water along the central portion of the valley was 
probably much greater than at present, raised on the naturally irrigated soil abun- 
dant crops of maize, melons, and beans. But slowly the valley was abandoned to 
aridity. Almost unvisited by rainfall, except about the edge of the mountains, the 
loss of the river left it cruelly dry. Low, and inclosed between heat-reflecting ranges 
that shut off the breezes of the ocean, it gained a temperature which is one of the 
highest on the globe. The windstorms that rage up the valley from the southeast 
have drifted great dunes of sand over certain portions, and much of the country 
never reached by the deposits of the lake is as black, stony, and repulsive as erup- 
tive rock formations in the desert can be. Apparently about the middle of the first 
half of the century the overflow from the Colorado was largely checked and not 
resumed to any extent until the year 1849. The Indians, who had lived in plenty 
along the central valley, were driven by the drought forever from their homes. 


During the high flood of the Colorado River in June and July the 
water breaks through its banks near Algodones, in Mexico, a few 
miles below Yuma, and flows westward through an old channel for 
some thirty miles; then, turning north into the United States, it flows 
through the Salton River to Salton Lake, filling up Mesquite Lake 
on the way. Most of the stream, however, goes on to Lake Jululu, 
or Volcano Lake, from which the New River flows northward to Sal- 
ton Lake, and the Hardy River southward to the Gulf of California 
(see fig. 10). The Salton and New rivers flow only during the high- 
est floods, but the Hardy River flows all the year, being fed by the 
Rio Padrones. 

The Maquata Basin, a region similar to the Salton Basin, and, like 
it, lying below sea level, lies to the west of the Cocopah Mountains in 
Mexico. It is usually a waterless desert, but, at times of very high 
flood in the Hardy River, water flows around the mountain range, 
creating the Laguna Maquata®” (see fig. 10) in the center of the basin. 
This is probably the only. region in Mexico which, when irrigated, 
will be suitable for the culture of the best sorts of dates. 


«Some students of this region believe that an upheaval of the region covered by 
the delta aided in cutting off Salton Basin from the Gulf of California. The occur- 
rence of mud yolcanoes and of extinct craters, such as the Sierra Prieta, lends 
strength to the view that the piling up of such enormous masses of sediment has 
induced geologic changes. The old beach lines of the Salton Basin are, however, 
still approximately at sea level, which would go to show that there has been but 
slight change in the level of the region as a whole since it was cut off from the sea. 
(See Barrows, David P., The Colorado Desert, in National Geographic Magazine, Vol. 

-XI, No. 9, September, 1900, p. 340. ) 

bL.c., p. 341. 

¢ Barrows, l. ¢., p. 344. 
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The greater part of the Salton Basin is as level as a floor and almost 
as destitute of vegetation (see Pl. XVIII, fig. 1), which renders it an 
exceptionally favorable region to put under irrigation, since in most 
places no leveling is required and very low dikes serve to retain the 
water. 

The geographical position of Salton Basin is indicated by figure 10, 
its general character is shown in Plate XVIII, figure 1, and a detailed 
soil map, showing types of soil and the amount of alkali present, is 
given in Plate III, page 106. The location of the area shown in Piate 
II] is indicated by the ruled space in figure 10, page LO2. 

Many schemes have been broached for the irrigation of the Salton 
Basin since it was first surveyed in 1854. Since 1891 Mr. C. R. Rock- 
wood, of Los Angeles, Cal., has been making surveys and persistently 
endeavoring to interest capital in irrigating this region. His efforts 
have resulted in the formation of a company which in 1901 carried 
the first water into the lower part of the Salton Basin.“ Land and 
irrigation companies formed at the same time and, working in cooper- 
ation with the company mentioned, pushed energetically the sale and 
development of the land irrigated by the water, and now in 1903 some 
100,000 acres are under irrigation and it is planned to extend the canals 
so as ultimately to irrigate most of the basin below the sea level, some 
500,000 acres in all. 

The main diversion works are at Hanlon’s Heading, some 74 miles 
below Yuma, whence the water is conducted about 8 miles to the 
channel of the Salton River, which is used to carry the water 60 
miles to the northwest, where at the international boundary line it is 
turned into a 60-foot canal with a capacity of 5,000 second-feet, 
intended to irrigate all the lands lying between the Salton and New™ 
rivers. After entering the United States for a short distance this 
large canal is divided into two 30-foot canals running side by side, the 
object being to use one while the other is being cleaned. The courses 
of the lateral canals are shown in the map on Plate HJ. Other main 
canals are planned to conduct the water from the Salton channel to 
irrigate land in Mexico as well as lands in the Salton Basin in Cal- 
ifornia lying east of Salton River and west of New River? (see 
figure 10, p. 102). 

WATER SUPPLY OF THE SALTON BASIN. 

The greater part of the Salton Basin can be watered from the Colo- 
rado River, and a large area in the basin, from Calexico, on the Mexi- 
ean boundary, to Imperial, Brawley, and northward, is now irrigated 


@Means, Thos. H., and Holmes, J. Garnett. Soil Survey around Imperial, Cal. 
In Field Operations of the Bureau of Soils, U. 8. Department of Agriculture, Third 
Report, 1901, p. 588. 

bMeans and Holmes, Soil Survey around Imperial, Cal., Field Operations of the 
Bureau of Soils, U. S. Department of Agriculture, Third Report, 1901, pp. 588, 589. 
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by means of water conducted from near Yuma, as above described. 
Fortunately, the Colorado River water is of remarkably good quality, 
although this stream flows for hundreds of miles through arid regions 
and many of its tributaries drain highly alkaline deserts. An exten- 
sive set of analyses was made by Prof. R. H. Forbes for the period 
from January 10, 1900, to January 24, 1901,“ during which time the 
content in soluble salt of the river water at Yuma varied from 21 to 
125 parts per 100,000, or from 0.021 to 0.125 per cent. During the low 
stages of the river in winter, early spring, and late in summer, the 
alkali content runs about 90 parts per 100,000. | For two months (from 
May 25 to July 27, in 1900), during the flood caused by the melting of 
the snows of the Rocky Mountains, less than 27 parts of soluble salt 
in 100,000 were observed. On the other hand, during a smaller sud- 
den rise in October, due to torrential downpours on the Arizona water- 
shed, the alkali content rose markedly, averaging L05 parts per LOO,Q00 
from September 26 to November 19. This decided increase in the 
soluble salt content of the water was doubtless occasioned by the wash- 
ing of salts out of the desert soil into the Arizona rivers and its subse- 
quent drainage into the Colorado River. During the year 1900 the 
Colorado River water contained less than 100 parts of salts per 100,000 
of water during 315 days and more than 100 parts per 100,000 during 
only 50 days. 

During the growing and fruiting season of the date palm, from 
April 15 to September 15, inclusive, when four-fifths of the water 
needful for the whole year must be applied, the soluble salt content 
ranges from 0.021 to 0.068 per cent, or from 21 to 68 parts in 100,000 
of water; while for two months during the flood, when water is most 
abundant for irrigation purposes and consequently most easily spared 
for washing alkali out of the soil, the alkali content is only about 27 
parts per 100,000, or 0.027 per cent. 

A considerable part of the soluble salts held in solution consists of 
harmless (if not beneficial) gypsum, which varies but slightly during 
the year, making up from 5.6 to 8.6 parts per 100,000, which would 
reduce the harmful alkali content during the summer months to about 
14 to 60 parts per 100,000, and to 20 parts per 100,000 during the two 
months of flood in May, June, and July. Such small amounts of 
alkali in irrigation water are without harmful influence. 

The relatively high purity of the Colorado River water is shown 
best by a comparison with that used to irrigate the flourishing date 
gardens of the Sahara. At Biskra the amount of soluble salt varies 
from 75 to 235 parts per 100,000, and is highest in summer, when 
the palms need most water. At Chegga, Algeria, the soluble salt 


“Forbes, R. H. The River Irrigating Waters of Arizona—Their Character and 
Effects. Bul. No. 44, Arizona Agricultural Experiment Station, Tucson, 1902, p. 202. 
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content of the artesian water is no less than 640 parts per 100,000, and 
after subtracting gypsum there remain 434 parts per 100,000 of harmful 
alkali—0.434 per cent, or 250 grains to the gallon. At Ourlana, 
Algeria, very extensive and flourishing plantations are irrigated from 
a flowing artesian well (Puits Desveaux), where the water contains 635 
parts per 100,000 of soluble salt and 403 parts per 100,000 of harmful 
alkali. 

The Colorado River water is better than that used to irrigate the 
famous Salt River Valley of Arizona, and has the advantage of having 
the lowest alkali content in summer, whereas just the reverse is true 
of the Salt River water (see p. 99). 

The water of the Colorado River carries, both in solution and in 
suspension as fine silt, fertilizing materials of considerable value, con- 
sisting principally of potash, nitrogen, and phosphoric acid. The 
soils of the Salton Basin are at present so rich that they do not need 
the fertilizers thus carried to the land by the irrigating water, but 
such fertilizing substances deposited by the water will serve to keep 
up the fértility in the future even under heavy cropping. Even 
now the phosphoric acid brought by the Colorado River water (see 
p. 114) is doubtless decidedly beneficial to the soils of the Salton Basin, 
which contain but very small amounts of this very necessary plant food. 


SOIL CONDITIONS IN THE SALTON BASIN. 


The soil conditions existing in the greater part of the Salton Basin 
are shown by Means and Holmes, of the Bureau of Soils,“ who made 
surveys in 1901 covering some 108,100 acres lying between the New 
and the Salton rivers (fig. 10 and Pl. III), comprising the larger part 
of the basin as yet put under irrigation. This area is shown on 
Plate II]. The same classes of soils and the same general condition of 
alkalinity prevail over the greater part of the Salton Basin.’ 

In the portion of the basin surveyed by Means and Holmes five 
types of soils were recognized. The areas occupied by these types 
are shown in ‘Table 33. 


«Circular 9, Bureau of Soils, January, 1902, and Field Operations of the Bureau of 
Soils, U. S. Department of Agriculture, 1901, pp. 587-606, map 29. 

>The University of California also investigated the soil conditions in the Salton 
Basin, and in February, 1902, published a valuable report on this region (Snow, 
Frank J., Hilgard, E. W., and Shaw, G. W., Lands of the Colorado Delta in the 
Salton Basin, Bul. 140, Cal. Agr. Exp. Sta., pp. 51, with supplement by Joseph Burtt 
Davy, The Native Vegetation and Crops of the Colorado Delta of the Salton Basin, 
April, 1902, pp. 8). 
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TasBie 88.—Areas of different soils surveyed in the Salton Basin around Imperial, Cal. 


Per cent 


Soil type. Area, | of area 
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The alkali content of the surveyed land is shown in Table 39. 


TABLE 39.—Alkali content of soils surveyed in Salton Basin around Imperial, Cal. 


Per cent 
Alkali content. ; Area. of area 
surveyed. 
Acres. 
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Dunesand consists of reddish-brown sand, rather rotten, and often 
mixed with small particles of flocculated soil. It is blown by the wind 
into small dunes, usually crescent-shaped and 2 to 10 feet high. The 
dunes are underlain by the heavier soils of the basin. This soil is 
mostly free from alkali, but the land is: not now occupied for agricul- 
tural purposes because of the heavy expense necessary to level it to ren- 
der it fit for irrigation. This expense is variously estimated at from 
$20 to $30 an acre, and in view of the preference of the date palm for 
sandy soils, it may prove in future a profitable investment to level 
such land and plant it to the choice varieties of date palms. This dune- 
sand area, as may be seen from the maps, is of considerable extent. 

The small area of level Imperial sand is also free from harmful 
quantities of alkali and would be very useful for date culture. The 
amount of such land-is small, however, and it will probably be used 
for truck crops sensitive to alkali. 

The Imperial sandy loam soil is formed by the coarsest particles of the Colorado 
River deposit mixed with wind-blown sand. The sandy loam extends to a depth of 
3 feet and is underlain by a loam or heavy loam. This soil will take water readily, and 


where level and free from alkali is adapted to cultivated crops or alfalfa. Some of 
the best and some of the worst lands of the valley are composed of this type. @ 


The Imperial sandy loam occupies over one-fifth of the surveyed 
area in the Salton Basin and is probably the soil on which the date 
palm will succeed best, as it is on such land that it grows best in the 
Sahara. 


“Means and Holmes. Field Operations of the Bureau of Soils, U. 8. Department 
of Agriculture, 1901, p. 594. 
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About three-quarters of the area occupied by this type of soil con- 
tains less than 0.6 per cent of alkali, which amount is absolutely with- 
out harmful effect on the date palm. It will probably grow nearly as 
well on an additional 10 per cent of the land even without drainage, 
and could struggle along on 10 per cent more of the area, while if 
drainage were provided doubtless the whole area of sandy loam could 
be planted to date palms. 

The Imperial loam soil has a smooth surface as level as a floor and 
almost devoid of vegetation. . 

It has the peculiar slick, shiny appearance often seen in localities where water has 
recently stood. It is the direct sediment of the Colorado River, which was deposited 
in strata when the area was under water. These strata are from 0.01 inch to 2 or 3 
inches thick, very much resembling shale; in fact, to all external appearances being 
exactly similar. When water is applied, however, the soil softens up and is a red- 
dish, sticky loam, a little heavier than a silt loam. It is from 4 to 6 feet deep, under- 
lain by a clay or clay loam, and contains considerable organic matter, including an 
abundance of nitrogen and potash. When free from alkali it is well adapted to the 
growing of wheat, barley, and altalfa.@ 

The Imperial loam is much like the heavy soils in the oases at the 
northern edge of the Sahara, in Algeria, and is well adapted to the 
date palm if properly irrigated to prevent its becoming too dry and 
if kept in a proper state of tilth to prevent packing. This soil is very 
alkaline in the region surveyed in the Salton Basin, but about 60 per 
cent of the area covered by this soil has less than 0.6 per cent of alkali, 
and an additional 10 per cent will support the date palm nearly as well, 
making 70 per cent of the land where this plant will be unhampered 
by alkali. The date can grow, though less vigorously, on an addi- 
tional 15 per cent of the area, though it may not fruit well unless 
drainage be provided and some of the alkali washed out. 

The Imperial clay soil (Pl. XVIII, fig. 1) is found as a surface soil 
or as subsoil at greater or less depth throughout the surveyed area. 


It is usually comparatively level, although in some places small hummocks have 
been blown up on its surface. It is this soil that surrounds both the towns of Calexico 
and Imperial, the only difference in the soils of the two districts being in the alkali 
content. The soil has been formed by the deposition of the finest sediment of the 
Colorado River, and is stratified in the same way as the loam. It is a heavy, sticky, 
plastic soil, very much resembling the clay subsoil found in the Mississippi River 
Delta. When dry and in its natural state, it exists in hard cakes and lumps, which 
may be cut with a knife and are susceptible of taking a high polish. When wet, the 
lumps are very plastic and sticky, making a soil which is very refractory and difficult 
to cultivate. Upon drying, the soil becomes very hard and cracked. Sorghum and 
millet were grown this year on several hundred acres of this land in the vicinity of 
Calexico, and produced good crops. The sorghum, however, was the best, the yield 
being 6 or 8 tons to the acre. 

Cultivation of this clay soil will be very difficult. A similar soil is found in the 
Salt River Valley asa phase of the Glendale loess, and is locally known as ‘“‘slick- 


«Means and Holmes. Field Operations of the Bureau of Soils, U. S. Department 
of Agriculture, 1901, p. 595. 
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ens.”’ The farmers of that neighborhood have considerable difficulty in managing 
this soil, and it is not as refractory as much of the Imperial clay. Kither annual 
crops or crops which can be cultivated throughout the growing season are productive 
of best results on this soil, for the heavy and hard crusts need to be broken up and 
thoroughly pulverized occasionally. Alfalfa does not do well on such soil, for the 
crusts seem too hard and the soil too dense and impenetrable to permit the constant 
extension of the fine rootlets so essential to permanency in an alfalfa field. Deep 
plowing and thorough cultivation will in a few years greatly improve this soil.¢ 

Practically none of the heavy clay soil is free from alkali, but some 
45 per cent of this land in the surveyed area carries less than 0.4 per 
cent of alkali,’ and about 25 per cent more of the area occupied by 
Imperial clay has from 0.4 to 0.6 per cent of alkali, where the date 
will succeed as well, making some 70 per cent of this soil available for 
the most remunerative date culture. The date palm can grow, but will 
fruit less on 7.5 per cent more of the clay land even without drainage, 
making in all about 77.5 per cent of this soil that is immediately avail- 
able for date culture. The date can struggle along even without 
artificial drainage on, perhaps, 75 per cent more of the area. 

The observations of Mr. D. G. Fairchild near Bassorah, on the Shat- 
el-Arab River, at the head of the Persian Gulf, show that these great 
date plantations, the most extensive in the world, are on ‘‘as pure an 
adobe as the clay of a brickyard,”¢ and indicate the probability that 
dates may be grown successfully on any heavy soils, provided the soils 
be adequately drained and aerated. 

In the Bassorah date region the soil is automatically watered, drained, 
and aerated by a system of ditches which fill from the river at high 
tide and drain out again at low tide. i 

In the Salton Basin and elsewhere in the United States it is prob- 
able that drainage ditches or tile drains will be necessary to permit the 
proper utilization of the heaviest clay soils. 

Messrs. Means and Holmes say: ‘‘Of the lands which are level 
enough to permit profitable irrigation 17 per cent have 0 to 0.2 per 
cent of alkali, and are at present safe for cultivation to all ordinary 
crops; 32 per cent have 0.2 to 0.4 per cent of alkali, which is risky for 
ordinary crops; the remaining 51 per cent are too alkaline to be taken 
up for any but alkali-resistant crops.” That is to say, only 49 per 
cent of the irrigable land in the surveyed area of the Salton Basin is 
suitable for growing ordinary crops, whereas 76 per cent is available 
for date culture. 


“Means and Holmes. Field Operations of the Bureau of Soils, U. S. Department of 
Agriculture, 1901, pp. 595, 596. 

’In soils of this nature, having a very fine texture and consequently a high water 
capacity, a given percentage of alkali is not so injurious as in a sandy soil of low 
water capacity, for the reason that the alkali forms a more dilute solution in the soils 
which hold more water. (See p. 75.) 

¢Fairchild, D. G. Persian Gulf Dates and Their Introduction into America. 
Bul. No. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1903. 
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‘To summarize, the date palm can grow on the following areas in 
the surveyed region without any especial provision being made for 
drainage: 


TaB.LE 40.—Area of lands in the surveyed portion of the Salton Basin suitable for date 
culture. 
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In all some 59,520 acres, or 76 per cent of the 78,000 acres of sur- 
veyed land level enough to permit irrigation, is immediately available 
for profitable date culture without artificial drainage, while the date 
palm will grow on an additional 12.5 per cent of the land, though it 
probably will not fruit well unless the soil is drained. 

With proper drainage almost all the surveyed area except about 
3,000 acres of clay soil could be rendered suitable for date culture by 
washing out the alkali. Only 6 out of 156 borings made by Messrs. 
Means and Holmes showed a percentage of alkali so high as to be 
dangerous to the life of the date palm. 

The immense importance of date culture for this region becomes at 
once apparent. It is the only profitable culture that can be followed 
on a quarter of the irrigable area too alkaline for other crops, while 
the climatic, soil, and water conditions are here so favorable for the 
date palm (see pp. 52 to 72) that it will pay to plant the choice sorts 
even on the best lands where many other crops would succeed. 

It becomes of the greatest importance to introduce the Deglet Noor 
date into this region, where all the conditions combine to render its 
culture profitable, and where at the same time it is necessary in order 
to utilize a large part of the area already occupied and irrigated. ¢ 


«Very recently (March, 1904), since this bulletin was sent to the Printing Office, 
the Department of Agriculture has established, in cooperation with the California 
Experiment Station, an experimental date garden in the Salton Basin at Mecca, Cal. 
[Mecca was called Walters until January, 1904, and is so shown on all old maps and 
on fig. 10, p. 102.] At the same time a large number of offshoots of the best sorts of 
date palms (including many of the Deglet Noor variety) were ordered from the prin- 
cipal centers of date culture in the Algerian Sahara. In addition, several large Deglet 
Noor palms are being transplanted bodily, with large balls of earth about the roots, 
from Tempe, Ariz., in order to test as soon as possible the ability of this variety to 
fruit in the Salton Basin. 


ALKALI CONDITIONS AT. PALM CANYON. 11] 


In the northern part of the Salton Basin around Indio and Walters, 
Cal., there are flowing artesian wells; in this and in many other 
respects the conditions of the Oued Rirh region in the Sahara are 
almost exactly reproduced. It is probable that date culture will prove 
even more profitable here than in the Oued Rirh country, since the 
summers are hotter in the Salton Basin, which will insure that the 
Deglet Noor variety will mature its fruit completely every year. The 
soils of this part of the Salton Basin have not yet been studied with 
reference to their alkali content, but it is known that there are large 
areas of land which could be irrigated by artesian wells where there 
is so much alkali that the growing of ordinary crops is prevented.” 
On such areas the culture of the date palm is likely to be the only 
paying industry that can be followed. 


ALKALI CONDITIONS AT PALM CANYON, IN THE FOOTHILLS BORDERING THE SALTON BASIN. 


The California fan palm (Veowashingtonia filifera) grows wild in the 
foothills surrounding the Salton Basin wherever the soil is sufficiently 
moist. In some respects the fan palm is much like the date palm, for 
it needs a constant supply of water at the roots, it delights in hot, dry 
weather, and can resist a large amount of alkali. An old fan palm 
produces in a good season from 50 to 200 pounds of fruit, according 
to Dr. Welwood Murray. The fruit is very small, of a pleasant flavor, 
and it is not unlike a miniature date. Natural groves of these palms 
as they occur in the foothills to the north of Indio are shown on 
Plate XIX, figures 3 and 4.? 

Dr. Welwood Murray has kindly collected a series of soil samples 
in the groves at Palm Canyon, near Palm Springs, Cal. These 
samples were analyzed through the kindness of Prof. Milton Whitney, 
chief of the Bureau of Soils, and the results are given herewith, cal- 
culated in the same way as for the soil samples from the Sahara. 


TaBLE 41.—Per cent of alkali in soils in which California fan palms were growing at Palin 
Canyon, California. 
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@Recently J. Garnett Holmes, of the Bureau of Soils, United States Department of 
Agriculture, has surveyed this area, and his report will soon be published. 

>See also Plates XXV and XXVI, in Coville and MacDougal, Desert Botanical 
Laboratory of the Carnegie Institution. Plate XX VI in particular gives an excellent 
idea of the appearance of the fan-palm oases as seen from a distance. 
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Sample D is the most interesting, as it shows the ability of the reots 
of the fan palm to grow in enormously alkaline soil. 

A recalculation of sample D in comparison with the surface soil of 
Station No. 1 at Chegga, Algeria, the only sample obtained in the 
Sahara with so high an alkaline content, is given herewith. 


TABLE 42.—Per cent of alkali in soil at Palm Canyon, California, and at Chegga, Algeria, 


| Bicarbo- | 


Locality and depth. Sulphates. | Chlorids, | nates. Total. 
—- — — _ — rs 
Palm Canyon, Station D, subsoil at 6 feet depth, full 
Of pale TOO 8. cas a es rice westeeessmced 4. 806 0. 784 0. 212 5. 80 
Chegra, Station. 1. Grrmiee Wee seea ewe ies «<0 sc cone ses 5.11 63 | . 08 5. 82 


No subsoil in the Sahara or from the Salton Basin as yet reported 
is so alkaline as the subsoil from Palm Canyon. There are no roots 
very near the surface, where the amount of alkali is greatest, at 
Chegga (or at the other Saharan stations), whereas the layer in ques- 
tion in Palm Canyon is full of roots. Prof. R. H. Forbes has called 
attention to the occurrence of roots of the date palm at 6 feet in depth 
in *‘very alkaline subsoil” in the Salt River Valley, Arizona, where 
they were forcing their way into the calichi hardpan. The date palm 
doubtless can stand as much alkali as the fan palm, and it is probable 
that it would grow where the fan palm is now found wild. 

The summer heat will doubtless be less than in the lower parts of 
the Salton Basin, for these fan palms occur some 500 feet or more 
above sea level. The winters are, on the other hand, warmer at such 
altitudes, if there is a good drainage of cold air to lower levels (see 
p. 61). 


CHEMICAL COMPOSITION OF THE ALKALI OF THE SALION BASIN. 
An analysis of a mixture of eight surface crusts was reported in 1901 


by Means and Holmes, which analysis is given below alongside that 
of six surface crusts obtained in 1900 in the Algerian Sahara. 


TABLE 43.—Percentage composition of alkali in surface crusts from the Algerian Sahara 
and from the Salton Basin, California. 
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a Arizona Experiment Station, 11th Annual Report, p. 156. 
6 Wanting in some of the soils analyzed. 


—— 
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The following table shows the composition of the alkali in a few 
surface crusts and soils in the Salton Basin. The analyses are some 
of those given by Means and Holmes.@ 


Taste 44.—Theoretical percentage composition of alkali in soil about Imperial, Cal. 
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The alkali of the Salton Basin is of the same type (‘‘ white alkali”) 
as that of the Sahara Desert in southern Algeria, since in both regions 
a large excess of gypsum is present in almost all cases, which pre- 
vents the formation, under ordinarily good conditions of culture and 
drainage, of any dangerous amount of the very harmful alkaline car- 
bonates. The Salton Basin samples differ considerably from those 
from the Sahara in showing rather large percentages of sodium nitrate 
in the surface crusts, which is entirely lacking in the surface crusts or 
soils from the Sahara. However, only very small quantities of nitrates 
occur below the surface crust in the soils of the Salton Basin, unless 
the soils are so alkaline as to preclude all agriculture. The Salton 
Basin soils often show considerable percentages of calcium chlorid, 
wanting in Sahara soils. Salton Basin soils contain much larger per- 
centages of potassium chlorid and sodium bicarbonate and a larger 
proportion of chlorids and less sulphates than do the Sahara soils 
examined 

The Salton Basin alkali is slightly more dangerous to crops than that 
of southern Algeria, because of the larger proportion of chlorids, and 
because of the presence, in many cases, of considerable amounts of 
sodium bicarbonate, which, if the land is watered excessively and 
badly drained, may be converted into the very harmful sodium 
carbonate. 


a@Means and Holmes. Soil Survey around Imperial, Cal. Field Operations of the 
Bureau of Soils, U. S. Department of Agriculture, Third Report, 1901, p. 601. 
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FERTILITY OF THE SOILS OF THE SALTON BASIN. 


On the other hand, the Salton Basin alkali contains a considerable 
proportion of useful plant foods, especially sodium nitrate and potas- 
sium chlorid, which render the soils very fertile to any plant which, 
like the date palm, can withstand a considerable percentage of alkali 
in the soil. The Sahara soils are often mediocre or poor, and date 
culture suffers in southern Algeria for the want of nitrogenous ferti- 
lizers, which are very hard to supply at reasonable prices in such a 
remote and sparsely settled country. In the Salton Basin it may pay 
to wash the surface crust down into the soilin order to carry the nitrate 
of soda down within reach of the roots, in places where it is known that 
there is little alkali in the subsoil. For instance, if a crust such as 
No. 6308 of Table 44 (p. 113), containing 2.5 per cent of its weight of 
nitrate of soda, occurred over such a soil as No. 6285, collected near 
by, containing only 0.44 per cent of alkali to a depth of 3 feet, it is 
probable that the crust might be washed down to the level of the roots 
of the date palm without danger of their suffering from any excess of 
alkali. Such an operation must, however, always be carried out with 
caution, and is permissible only when it is known that the soil is rela- 
tively free from alkali, and that the amount contained in the crust 
would not suffice to raise it to the danger point for the date palm in 
any soil stratum in which the roots ramify. 

Considerable amounts of potassium chlorid exist in most of the 
Salton Basin soils—probably enough to suffice for the needs of vege- 
tation for a long time to come. Besides being naturally so rich, these 
lands will be improved by the deposition of silt“ from the Colorado 
River water used in irrigating and from the addition of the small 
amounts of nitrates and potash contained in solution. (Seep. 106.) In 
particular the small amount of phosphates the water contains is likely 
to prove very beneficial to the soils of the basin, naturally poor in this 
element. Analyses of the Colorado River water made daily for a 
period of seventeen months show that on the average it carries 13.8 
pounds of phosphoric acid in an acre-foot of water or 55.2 pounds in 
the 4 acre-feet probably needed annually by a date plantation when the 
trees are full grown. What with the considerable supplies of nitrogen 
and potash contained in the alkali of these soils and the phosphoric 
acid brought by the river water, it is probable that the date palm will 
show a most luxuriant growth and bear heavy crops in the Salton 
Basin without any fertilizers being needed for many years, at least. 


a@It must be kept in mind that much of the silt is deposited in the canal before it 
reaches the land, and in consequence the fertilizing value of the water is not so great 
as when it leavesthe river. (See Means and Holmes, Field Operations of the Bureau 
of Soils, U. S. Department of Agriculture, Third Report, 1901, p. 598.) 
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SUBSIDIARY CULTURES TO FOLLOW IN CONNECTION WITH DATE PLANTA- 
TIONS ON ALKALINE SOILS. 


Although no other profitable crop plant can stand as much alkali as 
the date palm, there are a number which can endure considerable 
amounts of alkali and which could be set out on the less alkaline parts 
of the tract to be planted or under the date palms after much of the 
excess of salts had been washed out of the soil by several years’ irri- 
gation, accompanied by drainage. The grape, the olive, the pome- 
granate, the jujube, and the fig are commonly grown in the partial 
shade of the date palm in the Saharan oases. (See Pl. V, fig. 1, 
and Pl. XII.) All of these plants can endure more alkali than can 
most fruit trees, though the almond and pear resist considerable 
amounts. Barley is one of the crops that can stand much alkali, and 
it is commonly grown in winter between the rows, especially of young 
date plantations. Sorghum is equally resistant. Asparagus is found 
to do very well in the salty soils of the Oued Rirh country, and it may 
prove a profitable minor culture. Cotton is alkali-resistant in Egypt 
and is grown in the oases in the interior of the Sahara. 

Since a species of pistache, which could be used for stock on which 
to graft the pistache of commerce, occurs in the northern Sahara, 
where it is the only tree that grows wild, it is not impossible that this 
choice nut may be grown to advantage on alkaline soils. Carobs can 
stand the heat and dry air of the desert very well, yielding fruit valu- 
able for horse and cattle food in place of grain, and are at the same 
time very ornamental evergreen shade trees, suitable for street plant- 
ing. The Casuarina, the Tamarix, and some of the acacias and Euca- 
lypti are trees well adapted to endure desert climates. Among forage 
plants the Australian saltbush deserves first mention, for it can endure 
very large amounts of alkali. Sorghum isanother useful forage plant 
for such land. Saharan alfalfa will prove of great value for the less 
alkaline soils—those having 0.5 per cent of alkali or less. It is not 
unreasonable to hope to find a whole series of crops which can endure 
a considerable amount of alkali in the soil, and which will permit some 
diversification of agriculture even on the most alkaline tracts that are 
first put under culture by planting date palms. 


LIMITS OF ALKALI RESISTANCE OF THE DATE PALM. 


It is naturally of very great importance to determine as nearly as 
possible the limits of alkali endurance of the date palm, as it is the 
most profitable crop than can be grown in very alkaline lands, and on 
large areas in the hotter arid regions of the Southwest it is the only 
paying crop that can succeed. A careful study of the growth and 
fruitfulness of the date palm at various points in the Sahara desert 
shows that although this plant can grow in soils containing from 3 to 
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4 per cent of their weight of alkali, it does not produce fruit unless its 
roots reach a stratum of soil where the alkali content is below 1 per 
cent, and does not yield regular and abundant crops unless there are 
layers in the soil with less than 0.6 per cent of alkali. The surface 
soil may, however, be very much more salty, and may even be covered 
with a thick crust of alkali. It is probable that amounts of alkali 
below 0.5 per cent of the weight of the soil exert no appreciable 
injurious influence on the date palm. For example, ina flourishing date 
plantation at Ourlana, in the Algerian Sahara, at the spot shown in Plate 
XVII, figure 1 (Ourlana, station No. 2), the surface foot of soil contained 
no less than 1.52 per cent of alkali and was covered with a crust, while 
the subsoil at 24 to 3 feet showed only 0.51 per cent of alkali. The 
water used to irrigate this soil contained 0.64 per cent of soluble salts, 
of which 0.40 per cent consisted of injurious alkali. Both in the soil 
and in the irrigation water the chlorids, very harmful to most plants, 
predominated; they constituted 80 per cent of the alkali in the sur- 
face soil, 40 per cent in the subsoil, and 52 per cent of the dissolved 
salts in the water. These amounts of alkaliof so harmful a character, 
though sufticient to prevent the culture of any ordinary crop, seemed 
to be entirely without influence on the growth or yield of the date 
palm. 

If the soil at all depths contains somewhat more than 0.6 per cent of 
alkali the growth is slower and the yield less than in better land, and 
where the alkali content is everywhere over 1 per cent date palms 
do not bear fruit regularly and their growth is very slow. On trees 
growing in the presence of very large amounts of alkali the leafstalks 
are usually of a pronounced yellowish color instead of the normal gray 
ereen;“ on such soils in the Sahara the only other vegetation that can 
exist isa scanty growth of samphiresand saltbushes. (See Pl. XV, figs. 
1 and 2.) 

It must be borne in mind that the percentages given above are for 
the stratum of soil containing the least amount of alkali and that the 
surface layers may contain very much more, since the date palm has 


« A diseased condition of the date palms called at Fougala, Algeria, ‘‘meznoon”’ (z as 
in azure), meaning ‘‘crazy,’’ occurs rather often among the trees growing on the 
worst alkali spots and may be caused in some way by the presence of excessive 
amounts of saline matters in the soil. The leaves of such palms do not unfold prop- 
erly, but remain dwarfed and distorted, as is shown in Plate XV, figure 2. (This 
figure shows in the foreground the samphires and saltbushes characteristic of the 
most alkaline soils.) These meznoon palms are said to be cured in some cases by 
cutting off all the young leaves and hollowing out the bud, as is done in making 
‘‘Jaomi’’ or palm wine. When the new leaves push out some months later they 
are sometimes normal. The Arabs sometimes attempt to cure such trees by tying the 
youngest leaves into a compact bundle. A somewhat similar disease is described by 
Masselot (Bul. Direc. Agricult. et Comm., Tunis, vol. 6 (1901), No. 19, p. 134) as 
occurring in the Tunisian Sahara, where it is called ‘‘ boussaafa.’’ It attacks princi- 
pally young palms and by preference the Deglet Noor variety. 
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the very important peculiarity of being able to withstand large amounts 
of alkali at the surface of the ground without the crown being injured 
thereby. Probably this is to be explained by the fact that, like other 
‘palms, the date tree has no bark and no delicate cambium layer just 
beneath; a date palm may be cut all about without dying when an ordi- 
nary fruit tree so girdled would perish. 

In consequence of the ability of the date palm to endure great 
accumulations of alkali at the surface of the ground, the ‘‘rise of 
alkali” from the subsoil, so dreaded by growers of other crops, is often 
not at all dangerous to this plant and may even be advantageous in 
some conditions, provided thereby the alkali content of the subsoil in 
which the feeding roots extend is reduced. It is conceivable that in the 
Salton Basin, California, where, in consequence of the very slight rain- 
fall, the alkali is often very uniformly distributed throughout the soil 
to great depths, it may prove desirable to draw the alkali to the sur- 
face rather than to try to wash it down beyond the reach of the roots 
at the risk of raising the level of the ground water and suffocating 
the roots. Once accumulated at the surface, the alkali could be largely 
removed, as suggested by Professor Hilgard, by scraping together 
the surface crust and carrying it off the field. The difficulty is that if 
by judicious irrigation the alkali should be brought to the surface 
from the subsoil at a depth of, say, 4 to 6 feet, there is always danger 
that a subsequent irrigation, especially if followed by an exceptionally 
heavy shower, would bring up alkali from still deeper layers of the 
subsoil and counteract the beneficial influence of the previous manipula- 
tion. The theoretical advantage of bringing about a rise of alkali is 
shown by the following comparison of a Saharan soil with one from 
the Salton Basin. In the Salton Basin, at boring 133, about 5 miles 
north of Imperial (Means and Holmes, Circular 9, Bureau of Soils), the 
alkali is, as usual in this region, rather evenly distributed throughout 
_the soil. In the Sahara, at Fougala, Algeria (station No. 2), the 
alkali was largely accumulated at the surface, doubtless in part because 
of three years’ irrigation, but also because the rainfall in this portion 
of the Sahara Desert is much greater than in the Salton Basin. The 
following table shows the distribution of the alkali at these two points: 


TaB.Le 45.—Distribution of alkali at different depths in the Sahara and inthe Salton Basin. 


[Alkali expressed in percentage of weight of soil.] 
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Although the total alkali content of the soil to a depth of 4 feet is 
slightly greater at the Fougala station than at boring 133, the roots 
of the date palm would reach a layer of subsoil containing only 0.38 
per cent of alkali at Fougala, whereas in the Salton Basin station the’ 
lowest amount of alkali is 0.61 per cent, or over one-half more than at 
Fougala. Were the alkali at boring 133 to concentrate at the surface 
in the same proportion as at Fougala, the lower subsoil would contain 
something like 0.37 per cent of alkali. However, the soil at 5 and 6 
feet in depth at boring 133 contains 0.58 per cent, which alkali con- 
tent probably continues downward for many feet, so that in order to 
bring about a diminution of the alkali content at any given depth it 
is essential that the soil lying deeper is not wetted. Whether such an 
operation can be carried out in practice is doubtful. 

The view outlined above, that the accumulation of alkali at the sur- 
face may be beneficial to the date palm in some soils but that such 
accumulation may be dangerous to the plant if dislocated by unusually 
heavy rains, is confirmed by the following remarkable observation of 
Vogel, made at Moorzook in Fezzan, in the interior of the Sahara 
Desert: 

A heavy rain is considered a great disaster, as it destroys the houses that are built 
out of mud, and also kills the date palms by dissolving the great quantities of salt 
which are contained in the soil. For example, about twelve years ago [in 1843?] 
about 12,000 date palms were destroyed in the vicinity of Moorzook by a rain which 
lasted seven days. @ 

Moorzook is said to have no regular rainy season, though light 
showers occur in autumn. There is an abundant supply of under- 
ground water near the surface. Rohlfs says: ‘‘The palms do not 
require artificial irrigation [in Fezzan], since the roots seem to reach 
water everywhere.”? Date palms are said not to be watered except 
during the first six months after they are set out. Under these con- 
ditions a great accumulation of alkali near the surface is to be expected, 
and the disastrous result of a heavy rain in washing the alkali down to 
the level of the roots is not surprising. 

This indifference of the date palm to surface accumulations of alkali 
constitutes one of its greatest advantages over other crop plants for 
culture on alkaline soils. 


RESISTANCE OF THE DATE PALM TO CHLORIDS. 


The date palm seems to be resistant to all kinds of alkali, with the 
possible exception of the soluble carbonates, or black alkali. Common 
salt and the other chlorids, including the very poisonous magnesium 
chlorid so injurious to most cultivated plants, are resisted very well 


“Vogel, Ed. In Petermann’s Geogr. Mitth., 1855, p. 250. 
b Reise durch Nord-Afrika von Tripoli nach Kuka. In Petermann’s Geogr. 
Mitth., Ergiinzungshetft No. 26. . 
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by the date palm which was seen growing at Chegga, Algeria, in a soil 
containing about 0.8 per cent of chlorids, while amounts of chlorids 
as great as 0.2 per cent were apparently entirely without effect on the 
date palm at Ourlana, Algeria. 


RESISTANCE OF THE DATE PALM TO SULPHATES. 


Sulphates, such as Glauber’s salt (sodium sulphate), are still less 
injurious than chlorids to the date palm, which, when well estab- 
lished, is able to withstand enormous amounts of these salts—probably 
from 2 to 5 per cent. Roots of the California fan palm, which is 
probably no more resistant to alkali than the date palm, were found 
at Palm Springs in the Salton Basin, California (see p. 112), rami- 
fying abundantly in a layer of subsoil 6 feet below the surface, where 
there was 4.52 per cent of Glauber’s salt and 0.26 per cent of magne- 
sium sulphate present. Allowing 0.02 per cent as the amount of 
gypsum (calcium sulphate) that would go into solution in the soil 
moisture, the total sulphates would amount here to 4.80 per cent of 
the weight of the soil. Even greater amounts of sulphates were 
observed in the surface soil at Chegga, Algeria, where they amounted 
to 5.11 per cent of the weight of the soil, 4.89 per cent being Glauber’s 
salt; the subsoil here contained 1.82 per cent of sulphates, which rep- 
resents more nearly what the roots had to withstand, although in 
addition there was 0.88 per cent of chlorids. It is clear that, like 


other plants, the date palm can resist sulphates much better than 
chlorids. 


RESISTANCE OF THE DATE PALM TO CARBONATES (BLACK ALKALI). 


Whether the date palm can resist the dreaded ‘* black alkali,” ¢ the 
soluble carbonates, is not settled as yet, for none of the soils from the 
Sahara contained any appreciable amount of these very poisonous 
salts. At Tempe, Ariz., a soil obtained from the vicinity of the 
Cooperative Date Garden, where date palms grow luxuriantly, con- 
tained some 0.06 per cent of sodium carbonate in the surface foot. 
Well-drained soils containing an excess of gypsum, such as was 
observed in all the Saharan samples, can not contain any considerable 
amounts of soluble carbonates, for if any such salts existed they 
would immediately react with the gypsum present, and as a result 
inert calcium carbonate (limestone) and comparatively harmless sodium 
and potassium sulphates would be formed. 

Professor Hilgard has demonstrated the possibility of reclaiming 
black alkali lands by the application of sufficient amounts of gypsum 


@The name ‘‘black alkali’’ is applied because the soluble carbonates change the 
usually gray desert soils to black, as a result of their action in dissolving the humus. 
In contrast to black alkali, other soils are called ‘“‘ white alkali,’ from the color of 
the surface crusts that form in very alkaline spots. 
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to decompose the soluble carbonates present in the upper layers of the 
soil. It is not impossible that the obvious injury which results to the 
date palm from imperfect drainage may be caused by soluble carbon- 
ates, which can form under such conditions, even in the presence of 
gypsum.“ It is a matter of much importance to determine the limits 
of resistance of the date palm to black alkali, as to which it is now 
impossible to speak with any certainty.’ Even if the date palm proves 
to be sensitive to the soluble carbonates it will nevertheless still be 
possible to engage in date culture on black alkali lands by treating 
them with gypsum and providing for good drainage. 

As yet no data are available for a study of the comparative alkali 
resistance of the different varieties of the date palm, but doubtless a 
careful investigation would show that there exists a considerable vari- 
ation in this important character. Marked differences are known to 
exist among the diverse sorts of date palms in their ability to endure 
cold (see footnote, p. 61), and, as shown in the chapter on heat require- 
ments, there are enormous differences in the amounts of heat required 
to ripen early and late varieties; it is reasonable to expect similar lack 
of uniformity in their ability to withstand alkali. The great impor- 
tance of date culture, constituting as it does the only profitable industry 
that can be followed on very alkaline lands, would warrant a careful 
search in the date plantations in the most alkaline regions of the Old 
World deserts, in the hope of securing varieties still more resistant to 
alkali than those we now possess. 

The high degree of alkali resistance of the date palm permits 
brackish water to be used in irrigating. Commercial date plantations 
of large extent exist at Ourlana and at Chegga in the Algerian Sahara, 


«Color is given to this supposition by the observation of Masselot (Bul. Direc. 
Agric. et Comm., Tunis, vol. 6 (1901), No. 19, p. 185) that a disease common among 
young palms, known as ‘‘Merd el Ghram,’’ in the Tunisian Sahara, caused by exces- 
sive irrigation in badly drained soils, is accompanied by a blackening of the soil about 
the plant. The palms suffering from this disease cease to grow, sicken, and turn yel- 
low; they may be cured by drainage and by replacing at the same time the black- 
ened soil about the foot of the tree with fresh earth. These symptoms seem to 
indicate the formation of black alkali, and that it has a very injurious action on the 
date palm. 

bIt can not be assumed that because the date palm is enormously resistant to 
white alkali it must necessarily be able to support large amounts of black alkali, for 
the soluble carbonates have a decidedly alkaline reaction, whereas white alkali, in 
spite of its misleading name, may be nearly neutral in reaction. It is well known, 
especially from the interesting experiments of Prof. H. J. Wheeler, of the Rhode 
Island Experiment Station, that plants differ enormously in their requirements as to 
soil reaction. Lupines, for instance, are injured by soils having an alkaline reaction, 
whereas clover, soy beans, and most ordinary crop plants of humid regions are greatly 
harmed by soils having an acid reaction. It is possible that the date palm is injured 
by soils having a decidedly alkaline reaction, even if the amount of salts in solution 
in the soil water be small. 
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which are irrigated with artesian water containing 0.64 per cent of 
dissolved salts, and it is said that still more alkaline well water con- 
taining 1 per cent of salts is used to irrigate date palms in some of the 
other oases. Even the brine which seeps through the alkali soils and 
runs off in the drains is used to water palms growing at lower levels, 
and in some plantations no other water is available for irrigation (see 
p. 98). The alkaline water from Lake Elsinore, which proved so 
very disastrous to the orange orchards about Riverside, Cal., con- 
tained only from 84 to 116 grains per gallon, whereas the water used 
exclusively on the date plantations at Chegga, Algeria, contained 
874 grains, and substracting gypsum, 250 grains per gallon of harmful 
alkali. Water, such as that supplied from Lake Elsinore at its worst, 
would be adapted perfectly to irrigate date palms. Even the intensely 
brackish ground water under the Salton Basin, which lies some 50 feet 
below the surface at Calexico and only about 30 feet below at Imperial, 
though it contains some 0.4 to 0.6 per cent of dissolved salts, and 
though it would prove fatal to most crop plants if brought up near 
the surface by injudicious irrigation, would not necessarily injure the 
date palm, Many plantations in the Sahara are irrigated with water 
more alkaline than this. The chief danger to the date palm to be 
apprehended from a rise of ground water is the suffocation of the 
roots because of imperfect aeration of the water-logged subsoil. 

The immense superiority of the date palm over all ordinary crop 
plants for culture in alkaline lands becomes evident when it is remem- 
bered that all ordinary useful plants, such as wheat, corn, and alfalfa, 
peach, orange, and prune trees, etc., are killed by as much as 0.5 or 0.6 
per cent of alkali in the soil,’ which amount is entirely without 
influence on the date palm. The more resistant crop plants, such as 
barley, sorghum, sugar beets, grapevines, olive trees, and possibly 
pomegranate, jujube, and pistache trees, are able to withstand from 
0.6 to 1 per cent of alkali; but these plants are easily injured by an 
accumulation of the alkali at the surface, which is perfectly harmless 
to the date palm. About the only crop plant which can withstand 
considerably over 1 per cent of alkali is the Australian saltbush 
(Atriplex semibaccata), and even this forage plant can not endure 
nearly as much alkali as the date palm—probably not half as much. 
As noted on page 115, asparagus is able to endure much alkali, though 
the limits of its resistance have not yet been determined. The date 
palm is, then, the most resistant to alkali of all plants now known cap- 
able of commercial culture in arid regions. 


@See Means and Holmes, Circular No. 9, Bureau of Soils, U. 8. Department of 
Agriculture, 1902, and other publications of that Bureau. 
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REGIONS IN THE UNITED STATES WHERE DATE CULTURE CAN 
SUCCEED. 


CALIFORNIA. 


Salton Basin or Colorado Desert (see Pls. I], IV, XVITI, fig. land 
tie. LO, p. 102).—It is clear, from what has preceded in this bulletin, 
that the Salton Basin or Colorado Desert is not only the most promis- 
ing region in the United States, or in North America, for the culture 
of the best sort of dates, but that it is actually better adapted for this 
profitable culture than those parts of the Sahara Desert where the 
best export dates are produced. This favored region, though small 
in comparison with the vast arid areas of the Southwest, is neverthe- 
less larger than any one Saharan oasis, probably equaling in extent 
all the oases in the western Sahara from Tripoli to Morocco, and is 
capable of producing all the dates consumed in America. Only the vast 
date plantations along the Valley of the Shat-el-Arab, formed by the 
junction of the Tigris and Euphrates rivers, near the head of the Per- 
sian Gulf, which furnish most of the great quantities of dates consumed 
in the United States, are comparable in extent with the irrigable por- 
tion of the Salton Basin. 

The study of the life history of the date palm has shown that in the 
Salton Basin the long, hot summers, the very dry atmosphere, and the 
almost complete absence of rain during the flowering and ripening 
seasons of the date palm render the climate particularly adapted to 
the culture of the choice late-ripening sorts, such as the famous Deglet 
Noor. At the same time the presence of an abundant supply of water 
of excellent quality and the extreme fertility of the soil render the 
conditions unusually propitious for the establishment of this profitable 
fruit culture. The presence of considerable amounts of alkali in the 
soil has been shown to be no obstacle to the growth of this plant, which 
is harmed only by exceptionally large quantities of alkali. Indeed 
the presence of alkali, by rendering much of the land ill fitted or 
entirely unsuitable for other culture, constitutes one of the most cogent 
reasons for the speedy introduction of this resistant plant in order to 
enable all the lands now under irrigation to be put to profitable use.“ 

Death Valley (see map, Pl. 1V).—The Death Valley, a depression in 
some places 320 feet below sea level, situated in east central California, 
near the boundary of Nevada, is in many ways very like the Salton 
Basin, and may be considered as a more northern extension of the 
same general conditions. Being some 4 degrees (300 miles) farther 
north than the Salton Basin, the winters are probably much colder, 
and possibly only hardy varieties of date palms will succeed, though it 
is probable that most sorts can be grown in certain protected situa- 
tions if well covered in winter when young. The summer heat is 


« Since the above was written, an experimental date garden has been established 
in the Salton Basin at Mecca. (See footnote, p. 110.) 
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intense, nearly equaling that of the hottest parts of the Salton Basin; 
and even very late sorts, such as the Deglet Noor, could mature here 
perfectly. There is almost no rain, and in consequence no danger of 
the fruit being spoiled by wet weather during the ripening season in 
autumn. Unfortunately, there is almost no water available for irriga- 
tion in the Death Valley, and no large streams occur in the surround- 
ing country which could be diverted into this desert. It is not known 
whether artesian water underlies this region, but if flowing wells could 
be dug it would be desirable to make a thorough test of the Deglet 
Noor and other first-class late sorts of dates. The date palm is par- 
ticularly well adapted for culture in such regions remote from rail- 
ways and from markets, as the crop can be transported to great 
distances without injury and, being a high-priced dried fruit, repre- 
sents about the maximum of value, in proportion to the weight and 
bulk, among agricultural products. 

Colorado River Valley (see map, Pl. IV, and fig. 10, p. 102).—This 
valley, lying partly in California and partly in Arizona, and espe- 
cially the flood plain, which is irrigated and fertilized naturally 
by the annual overflow of the river offers considerable promise 
of being able to produce early drying dates at a cost low enough to 
enable them to be sold in competition with the so-called Persian dates, 
which are shipped to our markets in enormous quantities from the 
region about Bassorah, near the head of the Persian Gulf, and from 
Maskat, in Arabia. A detailed account of this promising region is 
given below (p. 129), in treating of the regions suitable for date culture 
in Arizona. 

Plateau region (see map, Pl. 1V).—This tableland, comprising the 
Mohave Desert, separating northern from southern California, would 
be fairly well adapted for date culture were it not for the fact that 
the winters are almost everywhere too cold. However, in canyons 
facing southward, where the cold air can drain off at night to lower 
levels, the hardier varieties may pass the winters uninjured. From 
the weather records kept at Keeler and Barstow it would seem proba- 
ble that the date palm might succeed in the vicinity of these towns. 
If any attempt is made to grow dates in this part of California atten- 
tion should be paid to the results of the experiments in date culture 
made by the California Experiment Station at Tulare, where it was 
found that irrigation in late summer is very disastrous to the date 
palm, because it forces a late growth, which is injured during the fol- 
lowing winter. However, all through the plateau region the summer 
heat is insufficient to ripen any but early sorts, and it is very unlikely 
that date culture will prove a profitable industry in this part of Cali- 
fornia. 

Interior Valley region (see map, Pl. 1V).—The largest continuous 
area in California, and perhaps the largest in the world where dates 
can be grown, is the interior valley region, comprising the valleys of 
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the Sacramento and San Joaquin rivers. ‘The climate is here very 
different from that of the other regions mentioned above, especially in 
the much heavier rainfall, which in many places is sufficient to permit 
the date palm to grow without irrigation. Asa result of this more 
humid climate there is more danger of damage to the flowers in spring, 
and especially more risk of losing the ripening fruit in autumn, in 
consequence of a spell of wet weather. The summer season is nearly 
or quite rainless; otherwise date culture would be impossible. 

As a result of investigations on the life history of the date palm, it 
is evident that only the very early sorts can mature their fruit in this 
region, owing to the insufficient summer heat. These earliest vari- 
eties, though often a very palatable fruit, suitable for home consump- 
tion, are as a rule unfit for drying and for export. Experiments are 
now under way in cooperation with the California Experiment Station 
which will decide in a few years whether any of the early Saharan, 
Egyptian, and Arabian sorts suitable for drying can mature in this 
region. 

All parts of the San Joaquin and Sacramento River valleys offer 
about equal advantages for date culture, except in the region where the 
two rivers unite. This section lies directly east and northeast of San 
Pablo and Suisun bays, and the cold winds which blow in from the 
Pacitic over San Francisco Bay find their way eastward through this 
break in the coast range, and thus lower the summer temperature; it is 
unlikely that any dates can be ripened in this area, which extends 
from Stockton to Sacramento and across the valley to the foothills. 

The winters are mild enough in most parts of the interior valley 
region to permit date palms to grow without injury, provided they are 
protected when young. In some of the colder localities only hardy 
sorts will succeed, and at Tulare it has been found by the California 
Experiment Station that several of the Egyptian sorts imported in 
1889 by the Department of Agriculture are severely injured by 
freezes in winter, especially if by late irrigation the palms had been 
kept growing in late summer and autumn (see p. 49). In such cold 
localities no irrigation should be given after midsummer. 

It is interesting to note that the Wolfskill date (fig. 8, p. 31, and 
Yearbook, 1900, Pl. LXII, fig. 2), which grows at Winters (latitude 
38° 32’ north), about in the latitude of Washington, Lisbon, Athens, 
and Peking, is much farther north than any bearing date palm in the 
Old World, with the exception of one tree at Nice, France (latitude 
48° 45’ north), which is probably not a true date palm but a hybrid 
between the date palm and the Canary Island palm. There are other 
date palms still farther north in the Sacramento valley which ripen 
edible dates, as for instance at Colusa and Willows, at both of which 
points date palms are growing which occasionally ripen a few fruits.“ 


«The Bee, Annual for 1902, p. 3: reported by Mr. J. M. Silvey, of Willows, and 
W.S. Green, of Colusa. 
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Indeed, the summer climate at Orland, Corning, Tehama, and Vina, 
in latitude 40°, seems to be as good as at Winters, and to be only 
slightly less suitable at Red Bluff or even at Redding, latitude 40° 30’, 
almost under Mount Shasta. Nowhere else in the world are there any 
such extensive regions north of latitude 35° where dates can be grown 
successfully. 

Even if dates suitable for drying can not be produced here, it will 
certainly be possible for settlers all through this region to produce 
fresh dates for their own tables, and it is quite probable that these 
fresh dates can be shipped to the principal Pacific coast cities without 
spoiling. 

Coast region of southern California.—Although the winters are 
never severe enough to injure the date palm and almost no rain falls 
during summer and early autumn, it is nevertheless very improbable 
that good dates can be grown in this part of California, for the simple 
reason that the winds which blow off the ocean are cold and humid and 
prevent the summer heat from being sufficient to ripen dates for 25 
miles or more from the coast. It has been found that the date palm 
does occasionally ripen fruit at San Diego (see Pl. XX, fig. 1), but 
the plant is forced entirely out of its normal habits by the very low 
temperatures which prevail here in spring and summer, and instead of 
flowering in April, as it does in the Sahara, often does not open its 
flower clusters until August, in which event the half-grown dates hang 
on the trees in a green condition all through the winter and ripen only 
during the following summer. The date palm referred to above, 
which ripens its fruit at Nice, may be found adapted to the climate of 
this coast region, but unfortunately this tree has not yet produced any 
vigorous offshoots and only seedlings are available for testing in Cali- 
fornia. The best chance of securing dates capable of ripening in this 
region is by cross fertilizing early varieties with the pollen of the 
Canary Island palm (Phoenix canariensis), which, being adapted to the 
relatively cool and humid, though nearly rainless, summer climate of 
these islands, is able to mature its thin-pulped and flavorless fruit all 
along the California coast, even as far north as San Francisco. It is 
probable that the palm at Nice is such a hybrid, and that it will be easy 
for plant breeders, by selecting among numerous hybrids, to find a sort 
much better than this chance seedling. 


NEVADA. 


It is probable that the date palm may be fruited successfully in some 
of the protected valleys in southern Nevada; early sorts are, indeed, 
almost certain to succeed in the valley of the Colorado River wherever 
there is any land that can be planted. The actual flood plain, being 
both higher in altitude and farther north than in California and Arizona, 
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may prove to be too cold in winter for any but hardy sorts, and, as 
noted below (p. 132), the annual inundation with cold water will pre- 
vent the ripening of any but the earliest sorts. At higher altitude in 
southern Nevada the summers are hotter, and even midseason or late 
sorts can be grown if they can withstand the winter cold. For exam- 
ple, at St. Thomas, in the valley of the Virgin River, at an altitude of 
1,600 feet, the summers are hotter than at Phoenix, in the Salt River 
Valley, Arizona, but the winters are colder, the thermometer falling 
as low as 11° F. in January, 18#9—a temperature which is likely to 
kill young palms and injure old ones. It is not impossible that there — 
may be warm situations in the Pahrump Valley and in Ash Meadows, 
in southwestern Nevada, though in the absence of meteorological 
records it is impossible to speak with certainty, and it is probable that 
the winters are almost everywhere too cold in these valleys to permit 
dates to be grown. Hardy late sorts of dates would be very desira- 
ble for culture in southern Nevada, and it is probable that such could 
be found in the oases of Persia, where the winter cold is sometimes so 
severe as to injure or even kill old date palms, although the summer 
heat is intense. Inasmuch as such sorts would be of great value for 
culture not only here but also in southwestern Texas and in some parts 
of California, it would seem advisable tc make a thorough search in the 
Persian oases as soon as possible and to secure the best varieties for 
trial in America. 
ARIZONA. 

As has been explained above (p. 61), in treating’of the drainage of 
cold air and the inversion of temperature in relation to date culture, 
the earlier varieties will probably succeed in some parts of Arizona 
lying as high as 5,000 feet above sea level, and medium or late sorts 
in most parts below an altitude of 2,000 feet, except where there is a 
marked drainage of cold air from some higher level. This area lying 
below 2,000 feet in altitude would include the whole of southwestern 
Arizona, with an arm running up the Gila River, and also extending 
up the Salt and Verde rivers, and another extending along the Colo- 
rado river northward, passing up the tributary called Bill Williams 
River, and reaching as far north in the Grand Canyon as the Hualapai 
Indian Reservation. This portion of Arizona lying below the 2,000- 
foot contour line forms on the-map the shape of a capital L with a 
very thick horizontal limb. It must not be supposed, however, that 
any large part of the 20,000 or more square miles included in the area 
above limited will ever be planted to date palms or to any other fruit 
trees, since most of this area is without adequate water to carry on 
agriculture. The irrigable areas along the Gila River and its tribu- 
taries, especially the Salt River Valley, the Upper Gila Valley from 
Florence westward to the Estrella Mountains, and finally the valley of 
the lower Gila, especially about Gila Bend, are the localities best 
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adapted to the culture of the date palm. The whole of the valley of 
the Colorado, so far as it is irrigable, and especially the flood plain 
naturally irrigated by seepage from the river and by the annual over- 
flow, is also adapted to the culture of the date palm, but probably 
only the earlier varieties will succeed. Of the regions just mentioned, 
only two are now furnished with a sufficient supply of water to ren- 
der date culture possible on any large scale. These are the Salt River 
Valley from Mesa westward to Peoria, and the flood plain of the Colo- 
rado River. Wherever small amounts of water are available in the 
other valleys they could be utilized for irrigating date palms, which 
would undoubtedly succeed, and it is probable that in the future, with 
increased facilities for irrigation, the upper and lower valleys of the 
Gila will prove especially suited to this culture. 

There is a region in south central Arizona, lying to the south of the 
Casa Grande ruins, where there are said to be thousands of acres coy- 
ered with a heavy growth of mesquite trees (Prosopus velutinus?) and 
where water is found at a depth of from 20 to 30 feet below the sur- 
face. It is not impossible that if date palms were irrigated in this 
region when young, they might be able to grow Sete irrigation 
nae the roots reached moisture. At any rate, both here and else- 
where, where a heavy growth of mesquite occurs and where there are 
indications of underground water near the surface, it would be desir- 
able to make trial plantations of the date palm. 

Salt River Valley.—This fertile region, which is one of the largest 
of the irrigated valleys in the Southwest, is situated in central Ari- 
zona (latitude 33° 25’). Its principal towns are Phoenix, Tempe, and 
Mesa. As has already been mentioned, the date palms planted by the 
earlier settlers have been strikingly successful (see Yearbook, 1900, 
Pl. LVI1); in fact, it is no exaggeration to say that there are more 
bearing date palms producing fruit of good quality in the Salt River 
Valley than in all the rest of the United States. The Cooperative 
Date Garden at Tempe (see Pls. X XI and X XII) on June 15, 1902, had 
on hand (including a few palms at the experiment station farm at Phoe- 
nix) 556 trees, belonging to 81 varieties. Besides these 81 imported 
varieties, there are a number of seedling sorts of merit which have 
originated in the Salt River Valley, so that in all there are probably 
nearly 100 distinct varieties of date palms now on trial in this valley.@ 
Prof. James W. Toumey, while connected with the University of Ari- 
zona, investigated the whole subject of the culture of the date palm in 
the United States and brought out very clearly in a bulletin? published 
in June, 1898, the fact that in these regions only had the plants 1 impor ted 


@¥Forbes, R. H. Thirteenth wee Report, estan Mereerant Station, 1902, 
p. 244. 

bToumey, W. J. The Date Palm, University of Arizona, Arizona Agricultural 
Experiment Station, Bulletin No. 29, Tucson, Ariz., June, 1898. 


L258 THE DATE PALM. 


by the Department of Agriculture in 1889 and 1890 grown rapidly 
and produced good fruit abundantly. This bulletin was the first 
important study of the date palm published in America, and it did 
much to attract attention to the possibility of establishing date cul- 
ture as a profitable industry in the Southwest. 

Although there are many regions in California, and some in Ari- 
zona, Where the summer temperatures are higher than they are in the 
Salt River Valley, the only considerable area of land under irrigation 
where the climate is more favorable to the date palm is the Salton 
Basin in California. It may be stated that date culture is no longer 
an experiment in the Salt River Valley. It is, however, not yet cer- 
tain that the Deglet Noor variety, which brings the highest price in 
the market, will come to full maturity here. It is to be hoped that it 
will, and the outlook is not without promise (see p. 68). If this vari- 
ety does ripen properly, there can be but little question that it will be 
profitable to plant it on the best lands in the valley and to irrigate it 
abundantly. The question as to whether the Deglet Noor can mature 
its fruits in central Arizona will be settled within a very few years by 
the experiments now in progress at Tempe, in this valley (see Pl. XXII). 

In case the Deglet Noor does not succeed in this valley, the effort 
should be made to produce a date intermediate in quality between the 
Deglet Noor and the ordinary dates sold in bulk in this country. Such 
a good second-class date would compete with the selected Bassorah and 
Maskat dates for household uses and take the place of Deglet Noor 
dates to some extent for use as a dessert fruit. Owing to the nearness 
to markets, the Salt River Valley dates could be sold while still fresh 
and need not be deformed by the close packing needful to preserve 
the oriental dates from drying out or from spoiling while en route to 
America. 

The collection of varieties at the Cooperative Date Garden at Tempe 
is by far the most complete in the world, since it comprises the best 
known varieties from the Algerian Sahara, from Egypt, and from the 
regions about Bassorah and Maskat, where most of the dates imported 
into America are produced, as well as a large collection of varieties 
from the Pangh Ghur region in Baluchistan. Together with the seed- 
lings that have originated in the valley and the sorts growing at the 
experiment station farm at Phoenix, there are something over 90 
named varieties now on trial in the Salt River Valley. It is very 
probable that some of these will prove to be adapted for profitable 
culture in this valley, even if the Deglet Noor can not mature. 

There are several seedling dates that have originated in the Salt 
River Valley in Arizona which promise to be valuable. One of the 
best of these is the Lount No. 6. It is small, being rather smaller than 
the Wolfskill date, but of very good texture, of clear amber color when 
dried, and of fairly good flavor. The Kales date and the Bennet date 
(fig. 4, p. 82) are seedlings of considerable merit, also growing near 
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Phoenix, Ariz. In addition, there are several other seedling varieties 
of considerable value which have already fruited in central Arizona, 
some of which may prove adapted to culture on a large scale. 

Two of the varieties introduced from Egypt by the Department of 
Agriculture in 1890 have been fruiting for some time at Phoenix, Ariz. 
In 1900 one of the sorts, the Amreeyah, bore over 300 pounds (see 
— Yearbook, 1900, Pl. LXII, fig. 1), while another, the Seewah, bore 
over 200 pounds. These dates were packed in half-pound boxes, and’ 
Prof. A. J. MeClatchie writes that they sold readily for 20 cents a box 
wholesale and 25 cents retail, and there was a demand in the local mar- 
ket for ten times the quantity that could be furnished. The Seewah 
in particular is a very promising date for culture in the Salt River 
Valley, in Professor McClatchie’s opinion, as it is fairly early and of 
excellent quality. 

Although a good second-class date could doubtless be grown with 
profit on the best fruit land, it is probable that this culture will be 
undertaken first on lands too alkaline to be safe for other crops. Some 
of the low-lying alkali lands, especially near the date garden at Tempe, 
have water rising to within a few feet of the surface, which seeps down 
from the surrounding irrigated fields lying at higher levels. Date 
palms, when once established, will grow in such situations without 
any irrigation at all, though they will grow better and yield more 
fruit if occasionally irrigated from the surface with pure water from 
the canals. 

Colorado River Valley (see fig. 10, p. 102).—The valley of the Colo- 
rado River, lying partly in Arizona and partly in California, comprises 
two adjoining though different situations where the culture of date 
palms is possible, viz, the flood-plain of the river and the mesa lands 
lying above the high-water mark not subject to inundation. 

The immediate flood-plain is flat and only a few feet (10 to 15) above 
the low-water mark. It is in some places so narrow as to be only a 
strip along the bank, while below Yuma and again farther north in the 
Colorado River Indian Reservation, it is often several miles in width 
and is covered with a luxuriant growth of willows. The flood-plain is 
subject to annual inundation from the Colorado River, which overflows 
its banks every year, like the Nile in Egypt, when the summer heat 
melts the snows on the high mountains at the headwaters of the river 
in Colorado and Utah. The retiring flood waters leave a thick deposit 
of mud, which renders the soil exceedingly fertile.“ 


aIn 1899 the writer saw a dense growth of 5 to 6 year old willow trees being cut 
for cord wood. The trees were 25 to 35 feet in height and from 6 to 10 inches in 
diameter near the ground. Any possible doubts as to the accuracy of the determina- 
tion of the age of these trees, which was made by counting the annual rings of growth, 
were dispelled by the evidence of a woodman, who asserted that some five years 
before all trees of any considerable size had been cut from this tract of land. 
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The position of the larger bodies of easily irrigable land lying along 
the Colorado River is shown in fig. 10, p. 102. The cross-hatched areas 
in this figure along the river indicate low-lying lands, and are more 
extensive than the flood-plain proper, although in very high flood most 
of the areas marked on the map would be overflowed. All these lands 
are easily irrigable without expensive diversion works, which would 
be necessary were the water to be conducted to the mesas overlooking 
the Colorado. The land comprised in these areas amounts to some 800 


square miles,® distributed as follows: 
Square miles, 


Cottonwood Valley in Nevada and Arizona .............scccsccss ssacecsceume 14 
Mohave Valley in Nevada, California, and Arizona............--------------- 160 
The small valleys near the junction of the Bill Williams River -..............- 56 
The great Colorado Valley in California and Arizona ....-....---------------- 382 
The valley in California and Arizona just above the junction of the Gila River 

OU a ooo eee we Sass ee oe we wk ews ge ee ee ote eee ane 80 
The valley on the right bank of the river below Yuma in Arizona......------- 108 


There is a large area of similar land in Mexico along the Colorado 
River, as may be seen from the sketch map, fig. 10, p. 102. 

Recent detailed surveys made by the Hydrographic Office of the 
Geological Survey? show that there are between 400,000 and 500,000 
acres of irrigable land in the valley of the Colorado River between 
Fort Mohave and Yuma, and there are in addition large areas of land 
in Arizona below Yuma already irrigated, while still more can be put 
under water at slight expense. The flood-plain proper, naturally irri- 
gated by the annual overflow of the river, does not comprise so exten- 
sive an area, but nevertheless embraces several hundred square miles 
of the very richest of these exuberantly fertile alluvial soils. 

Of the 100 square miles (63,469 acres) surveyed in 1902 in the Colo- 
rado River Valley south of Yuma, Ariz., Holmes says: ‘‘About 75 per 
cent of the lands of the valley are overflowed and a layer of sediment 
added to the soil each year. The deposition has been much greater 
near the present stream bed than farther back, so that the lands 
immediately bordering the stream are higher and covered by only a 
few inches of water during the flood season, while those farther back 
may in places stand under 7 or 8 feet of water.”’¢ 

The land near the river is usually nearly free from alkali, which 
occurs chiefly ‘‘just above the high-water line of present overflow, 
where evaporation from the surface has taken place without any sur- 
face flooding, showing plainly that the alkali is the result of the 


a An estimate of 700 square miles is made by Whipple, Pac. Ry. Rept., vol. 3, 
Pt. I, pp. 40-41, to include the lands from Fort Mohave to Yuma. 

bLippencott, J. B., and Davis, Arthur P. Colorado River Division in Arid Land 
Reclamation Service, First Annual Report, 1903, pp. 106-125. 

¢ Holmes, J. Garnett. Soil Survey of the Yuma Area, Arizona. In Field Oper- 
ations of the Bureau of Soils, Fourth Report, 1902, p. 781. 
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evaporation of the river water. Other alkali areas are found along 
the foot of the bluff, being caused by a small amount of seepage from 
the high lands above.” “ 

In regard to the control of the overflow water, which is the problem 
of first importance in all ordinary agriculture, Holmes says: ‘* Until 
this water is effectually in hand no farming worthy of the name can be 
done. To control the overflow it will be necessary to construct a dike 
or levee along the river, to connect with the mesa land below, of such 
height and strength as to keep out the river. As has been previously 
stated, the ground water of the valley rises and falls with the river, 
and some places are now overflowed 6 to 8 feet. The confining of the 
river would cause it to rise higher in the channel, so that the ground 
water over the present overflowed part of the valley would have sev- 
eral feet of head, thus bringing it near to or above the surface. This 
would necessitate the installation of a drainage system, with a pump- 
ing plant at the lower end of the valley to lift the water above the 
levee and back into the river. This leveeing and draining would be 
expensive, but since the subsoil is usually quite porous the drains 
need not be close together, and the natural fertility of the soil, 
together with the advantages of abundant water and almost tropical 
climate, would certainly make such reclamation a paying investment.”’? 

If it is found, as now seems probable, that the date palm can be 
erown on the lands subject to overflow without artificial irrigation and 
without any such expensive system of levees and of drainage by pump- 
ing, then it will doubtless be possible to grow dates here as cheaply 
as in the Bassorah region, where likewise no hand labor is necessary 
to carry out irrigation when once the canals have been dug. ° 

The luxuriant growth and abundant fruiting of the seedling date 
palms (Pl. XX, fig. 2) grown by Mr. Hall Hanlon in the floodtplain 
some miles west of Yuma, on the Calffornia side, show that, in some 
places at least, the seepage from the river, which goes on throughout 
the year, and the thorough soaking which the land receives at the 
time of the annual overflow, render irrigation unnecessary. The 
deposit of mud left by the flood waters suffices to maintain the fertility 
of the soil and renders any manuring superfluous. 

Although the meteorological records kept for several decades at 
Yuma, Ariz., on the banks of the Colorado River, show the summer 
climate to be nearly as hot as at Phoenix, in the Salt River Valley 
(though much cooler than in the Salton Basin), the dates planted by 
Mr. Hanlon usually fail to mature and must be ripened artificially. 
As was mentioned above, on page 50, this failure to mature the fruit 


@Holmes, J. Garnett, Soil Survery of the Yuma Area, Arizona, 1902, p. 786. 

> Holmes, J. Garnett, 1. ¢., p. 791. 

¢Fairchild, D. G. Bulletin 54, Bureau of Plant Industry, U. S. Department of 
Agriculture, p. 14, 
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is probably due in part at least to the lowering of the temperature 
of the soil about the roots” and of the air about the leaves by the 
overtlow of cold water from the melting snows of the Rocky Moun- 
tains. ‘This annual flood occurs in the midst of the hot season, usually 
early in June, and the waters remain on the land for several weeks. 

Karly sorts of dates, such as the Rhars and Teddala, undoubtedly will 
succeed in this favored region, which has many advantages for this 
culture. The land is irrigated and fertilized naturally, the dry air 
favors the ripening of fruit of a good quality, the very low rainfall 
in spring and autumn permits the date palm to flower and ripen its 
fruit unhindered by bad weather, and the winters are so mild that no 
injury by cold is to be apprehended after the young palms have once 
taken root. 

The date palm has a great advantage over other fruit trees for 
culture in the flood plain, in that, when once established, it can resist 
the erosive force of the flood waters without being injured or losing 
its crop of fruit. There are thousands of acres of this land in Cali- 
fornia and Arizona now lying waste which could be utilized for this 
profitable culture if a variety of date palm could be found which pro- 
duces early ripening fruit fit for drying, and which is adapted to the 
soil and climatic conditions of this region. Indeed, the chance to 
secure exuberantly fertile lands, requiring no irrigation, at low 
prices, gives this flood-plain great economic advantages over other 
regions for the production of an ordinary or second-class date, such as 
those that are now imported into this country in enormous quantities 
from the somewhat similar region about Bassorah, in the valley of the 
Shat-el-Arab at the head of the Persian Gulf, and from Maskat. No 
fewer than 9,000 tons of these dates were imported in 1901, so the 
market is practically unlimited, provided the cost of production can 
be kept down to a point permitting competition with the oriental 
dates. The date producer in the Colorado River Valley would have 
the great advantage over his Bassorah rivals of enormously greater 
proximity, both in distance and in time, to the great markets in the 
interior of the United States. 

The prospect for successful culture in this region of the ordinary 
dried dates, one of the staples of the fruit trade, is so good as to war- 
rant making a careful search in the Old World date countries for 
suitable sorts to grow here. Fortunately, the Department of Agri- 
culture has already secured and has growing in the Cooperative Date 
Garden at Tempe, Ariz., many of the early-maturing sorts of dates 
from the Algerian Sahara, as well as from the valley of the Nile in 
Egypt and the valley of the Shat-el-Arab at Bassorah, the two latter 
regions having climatic and soil conditions somewhat resembling those 


« As shown on p. 49, warm irrigation water is very advantageous in date culture. 
Doubtless the date palm is as sensitive to the soil temperature as to the air temperature. 
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of the Colorado River Valley. In addition, the varieties from the 
island of Djerba, off the coast of Tunis, where only early sorts can 
mature, as wellas the many early kinds reported from the Tunisian 
Sahara, should be secured for trial. Possibly other sorts of value 
could be found among the multitudes of seedling date palms growing 
in the yalleys of the Indus and its tributaries in the Punjab, in India. 

On the higher lands along the valley of the Colorado the conditions 
are very different from those described above, for, lying above the 
flood-plain, these lands are not subject to annual overflow and con- 
sequently there is no lowering of the summer temperature by the cold 
flood waters. The meteorological records kept at Yuma, Ariz., near 
the Mexican boundary, and at Needles, Cal., near the Nevada bound- 
ary, indicate that midseason and even late sorts, including possibly 
the Deglet Noor, may be expected to mature fully in this region.“ So 
there is a good prospect for successful date culture wherever it is 
possible to irrigate the land. 


NEW MEXICO. 


All of New Mexico is over 2,500 feet above the sea level, and nine- 
tenths of its area is above 4,000 feet in altitude. In consequence the 
winters are almost everywhere too cold to permit the culture of any 
but hardy sorts of the date palm, and the summer heat is inadequate to 
ripen any but the earliest varieties. The winters are much too cold for 
the date palm in the principal irrigated regions, the valleys of the Rio 
Grande and the Pecos rivers, where this plant would be very useful 
for planting on alkali lands. From a study of the meteorological rec- 
ords, it would seem that La Paz, at 4,836 feet altitude, in south central 
New Mexico, near the Sacramento Mountains, has the most promising 
climate for date culture. The next best climatic region is found in 
the valleys of the Gila and Rio Mimbres, in the southwestern corner 
of the Territory. This latter region is of considerable extent, but 
unfortunately the winters are usually so cold that young palms would 
be injured if not protected. During the cold wave of 1899 the tem- 
perature fell below 7° F. at all the stations where records are kept, 
except at Gage, altitude 4,480 feet, where the record shows a minimum 
temperature of only 16° F. 

Very early sorts of date palms capable of withstanding much cold 
are needed for trial in New Mexico. Such sorts are most likely to be 
found in the oases of Persia, especially in those which from their high 
altitude or northern position have a very cold winter climate. The 
northern Sahara, though it contains early varieties suitable for culture 
in the interior valley region in California and in the Colorado River 


“Prof. R. H. Forbes is strongly of the opinion that the Deglet Noor date will ripen 
in the Colorado River Valley about Mellen and Fort Mohave, Ariz., where the 
climate is exceptionally hot. (Letter to the author, dated Tucson, March 1, 1904.) 
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flood plain, where the winters are comparatively mild, is unlikely to 
yield sorts suitable for New Mexico or for the plateau region of Cali- 
fornia, where hardiness is indispensable, for the reason that in the 
northern Sahara, even in oases lying at high altitudes, the winter cli- 
mate is comparatively mild and equable. 


TEXAS. 


Only the extreme southwestern part of Texas, bordering the Rio 
Grande from the mouth of the Pecos River to near Brownsville, is 
adapted to the culture of the date palm. Throughout the eastern half 
of the State and in a strip along the Gulf coast, down to the Mexican 
boundary, the climate is too humid and the summers are too cool to 
ripen the fruit properly, while in all the northern part of the State, 
above San Antonio (latitude 30° north), the winters are too cold to 
permit the date palm to grow out of doors without protection. In the 
region lying south and west of San Antonio, between the humid Gulf 
coast and the Rio Grande, the summers are hot enough to mature 
even the medium or late varieties of dates. Fort McIntosh, in Webb 
County, at 460 feet altitude, has a summer temperature somewhat 
higher for the months from May to September, inclusive, than at 
Phoenix, Ariz. The rainfall averages in this region only about 10 
inches, and the late summer is usually dry enough to permit dates 
to ripen; irrigation would usually be necessary. Ordinarily the 
winters are not severe enough to injure the date palm if protected 
when young, though this part of the State is occasionally exposed to 
‘*northers,” during which the temperature sometimes falls very low. 
In February, 1899, for example, it fell to 7° F. or below all over the 
region where the date could be grown, and this temperature would 
doubtless injure or kill even old date palms. Such low temperatures 
are, however, very exceptional, and the date should be tested in this 
part of Texas wherever water can be obtained for irrigation. 

Midseason and late varieties, resistant to winter cold, which are 
needed here and in southern Nevada, are most likely to be found in 
the depressions in the Persian plateau, where the summer heat is 
intense and, at the same time, the winters are rigorous. There is 
much less chance of finding hardy sorts in the Sahara, where the win- 
ters are mild, especially in low altitudes, where alone there is suflicient 
summer heat to ripen late varieties. 


NO DANGER FROM MEXICAN COMPETITION IN DATE CULTURE. 


The date palm was introduced into Mexico soon after the conquest, 
probably by means of seeds brought from Spain by the missionaries. 
Some of the palms in Sonora and Lower California are very old and 
have reached great height. A group of such old trees is shown in the 
frontispiece. They were growing at Hermosillo, only 150 miles south 
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of the United States boundary, where the climate is not very unlike 
that of the hot valleys of Arizona. ‘There are extensive date planta- 
tions in Lower California, especially in the central part of the penin- 
sula, and considerable quantities of dates, packed in rawhide bags, are 
shipped from here to the cities of Mexico, and some even as far as 
Arizona and California. According to the statistics published by the 
Mexican Government, Lower California produced 137,300 kilograms 
(about 300,000 pounds) of dates in 1897, worth 10,845 Mexican dollars. 
In 1898 the production amounted only to 32,485 kilograms. 

Tt might be supposed that northwestern Mexico would be better 
adapted for growing dates than the Southwestern States, since date 
culture in Sonora and Lower California has long ago passed the 
experimental stage end is a well-established industry. Furthermore, 
in these regions there is no danger of young palms being injured by 
winter cold, while from the latitude, some 5 degrees south of the 
Salton Basin, the summer heat might be expected to exceed that of the 
hottest deserts of California and Arizona. Asa matter of fact, how- 
ever, the absence of high mountain ranges and the proximity to the 
Pacific Ocean and to the Gulf of California permit the sea winds to 
sweep more or less freely over this whole region, thereby so reducing 
the temperature and increasing the humidity that late sorts of dates 
almost everywhere fail to mature on the tree and must be ripened 
artificially.@ 

Nowhere in Mexico is there any region comparable to the Salton Basin, 
in California, a depression below the sea level, surrounded on two sides 
by high mountain ranges which form an effective barrier to the cold, 
humid winds from the ocean.? Adding to these climatic advantages, 
the abundance and cheapness of the water supply, and the greater prox- 
imity to markets, it becomes evident that American growers of first- 
class dates have no need to fear Mexican competition. Even the 
growers of second-class and ordinary dates have little cause for alarm, 
for everywhere in Mexico date culture is carried on in the most primi- 
tive manner, seedlings being everywhere grown and the propagation of 
superior varieties by offshoots nearly or quite unknown. At present 
the inferior and badly packed seedling dates produced in Mexico are 
the poorest that reach our markets, and are of no importance what- 
ever. 


«By exposure to the sun during the hot part of the day and storing indoors wrapped 
up in blankets at night. (Observations of Prof. R. H. Forbes in Lower California, 
communicated verbally to the writer, 1902. See p. 29.) 

» Except possibly Maquata Basin, a region below sea level around the Laguna 
Maquata (see fig. 10, p. 102) , in Lower California, just south of the boundary line, which 
may some day rival the Salton Basin as a date-producing region, as it can be irrigated 
from the Hardy River and is protected by mountain ranges on nearly all sides. It 
would be very desirable to explore more fully this interesting region, which, though 
adjoining our boundary, is one of the least known areas in North America. 
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In view of the great number of seedling dates that occur in Lower 
California and Sonora, it is probable that there are among them some 
valuable sorts which should be found and introduced into Arizona for 
trial. Unfortunately the older trees, whose value is best known, have 
long ago ceased to produce offshoots, so that such sorts can not be pro- 
pagated. 

PROFITS OF DATE CULTURE. 

Wherever the Deglet Noor and other choice late varieties of dates 
can be grown date culture will be exceedingly profitable. In a region 
like the Salton Basin, California, where the winters are never cold 
enough to harm seriously old date palms, where the spring and 
autumn seasons are practically rainless, preventing injury to the 
flowers or to the ripening fruits, and, above all, where the summers. 
arealways hot enough to insure the perfect ripening of the fruit, the 
certainty of a crop is almost absolute, especially as the land is very 
fertile and the irrigation water of good quality. 

The average yield of a Deglet Noor date palm is variously put at 
from 88 to 132 pounds. Counting only 75 pounds to a tree, the yield 
per acre would be 4,500 pounds if the trees were planted at the usual 
distance of 26% feet. Such dates, even of the second grade, sell on 
our markets at from 35 to 50 cents a pound at retail when packed in 
fancy boxes, and would bring probably one-quarter as much in bulk at 
wholesale, or from 8 to 12 cents a pound, especially as they would ripen 
in the Salton Basin early enough for the Holiday markets. Allow- 
ing 10 per cent for loss in packing, there would still be 4,000 pounds 
of dates to the acre. Of this crop about 1,000 pounds would be of the 
first grade (see p. 35), worth, say, 10 cents a pound at wholesale; 
1,300 pounds would be second grade, such as now reach our markets 
packed in three-quarter pound paper boxes, worth about 8} cents a 
pound, and the remaining 1,700 pounds would be third-class dates, to 
be sold in bulk at, say, 25 cents a pound, or in all some $250 worth 
from one acre. The care required by the date palm is much less than 
that necessary for any other fruit tree, and the fruit cures naturally 
on the tree and can be gathered quickly and easily by cutting off a 
whole bunch at a time. It is probable, therefore, that $100 per acre 
would cover all the fixed expenses of an orchard of Deglet Noor 
palms in full bearing, leaving a profit of some $150 per acre. 

Offshoots bear fair crops of fruit from three to five years“ after 
being planted, which is but little, if any, longer than many other fruit 
trees, such as the orange, fig, pear, etc., require to reach fruiting age. 
The date palm comes into full bearing from eight to twelve years after 
being planted, and lives to a much greater age than any other fruit 


«A proof of the ability of a date offshoot to fruit abundantly at an early age is 
afforded by the Deglet Noor offshoot shown in Plate XXII, which was set out at 
Tempe, Ariz., in July, 1900, and which when photographed in August, 1903, just 
three years and one month later, bore three fair-sized bunches of fruit. 
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tree, bearing profitable crops even when a century or more old. No 
expensive pruning is required by this fruit tree, and it is remarkably 
free from diseases and injurious insect pests. The amount of labor 
required in a date plantation is very much less than for most other 
fruit culture, and this constitutes a great advantage in its culture, 
especially in desert regions, where labor is scarce and high priced. 
The fruit does not ripen suddenly and need immediate care, but may 
often be left on the tree for a week or two after it matures without 
being injured, 

It would be difficult to imagine a fruit better adapted for growing 
in the Salton Basin than the choice late varieties of the date, and at 
the same time a culture better suited to the needs of the country. 

Although not offering promise of being so unusually lucrative as the 
culture of the Deglet Noor dates, the production of good second-class 
dates, comparable with the best grades of so-called Persian dates, may 
nevertheless prove to be a paying industry, yielding profits equal to 
those given by other fruit cultures. The Salt River Valley in Ari- 
zona, Which may be warm enough to permit the culture of even the 
Deglet Noor dates, can certainly produce the best grade of second-class 
dates, suitable for household use and serving as a substitute for Deglet 
Noor dates for dessert fruit or for use in confectionery. The American 
growers will have the great advantage over their rivals in the Persian 
Gulf region of much greater proximity to the centers of consumption, 
which will enable them to put their crop on the market earlier in the 
season and in fresher condition.@ 

Even the growing of ordinary dates, like those sold in bulk at the 
fruit stands, may prove a paying culture if carried on on an extensive 
scale where land and irrigation water are cheap. Being packed 
tightly together in boxes holding a hundred pounds or so, the labor of 
preparing them for market is much less than for the finer dates, 
which must be arranged carefully in small boxes to prevent the fruit 
from being crushed or deformed by mutual pressure. The flood-plain 
of the Colorado River in California and Arizona, where land that is 
naturally irrigated and fertilized by the annual overflow of the river 
can be had cheaply, offers promise of being suited for the profitable 
culture of such ordinary dates. 


“Another great advantage of American-grown dates will be their superior clean- 
liness. Fairchild says (Persian Gulf Dates, p. 29), in regard to the ordinary Persian 
dates of our fruit stands, ‘‘the stories which one hears in the region of the conditions 
in the packing sheds and the personal uncleanliness of the men, women, and children 
who put up the dates are enough to disgust a sensitive person and to prevent his 
ever eating packed dates again without having them washed. No old inhabitant 
thinks of eating a date without first thoroughly washing it in a glass of water, unless 
the cook has prepared it beforehand, and the sale of dates in America might fall off 
decidedly were it generally known how intimately the unwashed hands, bodies, and 
teeth of the notably filthy Arabs often come in contact with the dates which are sold 
by every confectioner.’’ 
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The enormous quantities of dates imported into this country every 
year are a measure of the extent of the market for the cheaper grades 
of this fruit. The average value of the imports of dates was $402,762 
per annum for the ten years ended June 30, 1900, and the following 
table gives the quantities and values of imports during the last five 
years, almost entirely from Bassorah and Maskat: 


TABLE 46.—Quantities and values of dates imported into the United States. 


Year ended June 30— Quantity. Value. 

Pounds. Dollars. 
LL! (| SR REE AR 8 Oe On See «irt'ece.a'nae'ule an alee tata it ne 11,847, 279 284, 056 
TRO ne eee eee nee et a ite cata tina ne cdeccus cee oeuss aps summaaene cess ane eets 18, 561, 434 371, 992 
De a eR Sn dic orn sini ninlw Siafacninin pla ee pte ane 12, 943, 305 324, 087 
EN eo a eee ae te neo seln anc ccs oc annniecsannvun sew annttieapeppicat a siee 19, 902, 512 410, 349 
RO a ee i a Oe ie ee ee een 18, 484, 917 372, 400 


l1Yearbook, Department of Agriculture, 1901. 


The value per pound is very low for these common dates, amounting 
to 2.06 cents in 1900 and 2.02 cents in 1901. These values are those 
invoiced at the port of export, and the dates probably sell at wholesale 
for at least 50 per cent more at the receiving port.@ 

Even at these prices it is probable that date culture would be profita- 
ble if varieties that yield abundantly and regularly were planted on 
rich, naturally irrigated lands, and it is evident that the market is 
practically unlimited if the cost of production can be kept low enough ~ 
to permit competition with the oriental dates. 

There exists already a large market for a date of superior quality, 
suitable for household uses and for employment in confectionery, 
while the demand for the finest grades of Saharan Deglet Noor dates 
far exceeds the supply even when they are sold for more than selected 
Smyrna figs. American orders fora quarter of a million pounds have 
been refused by the Algerian producers because the supply barely 
suffices for the European demand. The consumption of these deli- 
cious dates is certain to increase as their merits become better known; 
they reach the same class of consumers as Smyrna figs, and like them 
can be served as a dessert fruit which can be eaten without soiling the 
fingers. At somewhat lower prices a practically unlimited market 
would exist for Deglet Noor dates, and the American grower would 
have the great advantage over his rivals in the Sahara of being able to 
gather the crop in abundant time for the Holiday trade. 


«Thus Mr. E. W. Maslin shows that while the average invoiced value of figs 
imported into the United States is 5.7 cents a pound, the prices brought by these figs 
at auction sales in New York City range from 9 to 28 or 30 centsa pound. (See Eisen, 
G., The Fig, Bulletin 9, Division of Pomology, U. 8. Dept. of Agriculture, p. 289.) 
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IMPORTANCE OF LIFE HISTORY INVESTIGATIONS IN DEMON- 
STRATING THE FEASIBILITY OF DATE CULTURE. 


The importance of a detailed study of the climatic and soil require- 
ments of the date palm is clearly shown in treating of the regions in 
the United States adapted to its culture, as well as in the discussion of 
the heat requirements and of the alkali resistance of this remarkable 
plant. No other crop plant can withstand so much alkali in the soil 
or in the irrigation water, and tens of thousands of acres of alkali lands 
in the irrigated areas in the Southwest can be reclaimed and put to 
profit only by growing dates. This renders it of the greatest impor- 
tance to determine the extreme geographical limits of the regions 
where dates can be produced with profit in order that this invaluable 
plant may be utilized on alkali lands wherever possible. 

Not only is it possible as a result of life history investigations to 
indicate with some degree of precision the regions where dates can be 
grown, but also to predict the types of varieties which alone can 
succeed in each region, and further, to indicate in which of the date- 
growing countries of the Old World such types can most likely be 
secured. For example, in order to secure hardy late-ripening sorts 
able to withstand the winter cold in Texas and southern Nevada, 
search should be made in the oases of central Persia, near the 
northern limit of date culture, where the winters are so severe that 
even old, bearing palms are sometimes killed, but where the summers 
are nevertheless very hot. North Africa on the contrary, is the least 
promising region to search for such sorts because of the mildness 
and equability of the winter climate, even in the oases situated on the 
slopes of the Atlas Mountains limiting the Sahara to the north. 
On the other hand, early maturing sorts, suitable for culture in the 
interior valley region of California and in the flood-plain of the 
Colorado River in Arizona and California, where the winters are 
relatively mild and the summer heat deficient, are most likely to be 
secured in just these oases on the slopes of the Atlas Mountains, 
though such varieties may be expected to occur in oases at high 
altitudes in the interior of the Sahara and in Arabia. Choice late 
sorts of date palms, suitable for culture in the hotter valleys of 
Arizona and in the Salton Basin, California, are most likely to be 
found in the oases at low altitudes in the interior of the deserts of 
Sahara, Arabia, and Persia. 

It is also possible, from a study of the life-history factors of the date 
palm, to warn intending planters against attempting its culture in 
regions where it can not succeed. Thus it becomes possible to estab- 
lish a new fruit industry in a rational manner without having to await 
the tardy results of costly and often badly conducted trials made with- 
out adequate foreknowledge of the requirements of the plant. Such 
trials often lead to elusive hopes on the one hand and to unjust 
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condemnations on the other. ‘Toattempt to produce dates in Florida or 
in the coast region of California because the date palm grows well there, 
would be to commit a capital error, for no marketable dates can be 
produced in climates so humid as that of Florida or so cool as that of 
the California coast. ‘To try to grow drying dates of the ordinary mid- 
season or late sorts in the interior valley region of California because 
the Wolfskill date palm at Winters produces every year a good crop 
of palatable dates would be an error almost as disastrous, because 
only very early sorts, for the most part unsuited for drying or for 
export, can be matured in this region. 

It is contidently to be expected that in a few years this new branch 
of biologic and economic science which concerns itself with the deter- 
mination of the exact requirements of crop plants as to climate and 
soil, and with the finding of the limits of their powers to resist unfa- 
vorable influences such as cold. excessive heat, drought, alkali, violent 
winds, etc., along with a study of the cultural requirements and market 
conditions of the new industry, will become so well known and its value 
so well recognized that it will become a comparatively easy matter to 
enlist the necessary capital and skill in a new culture when once detailed 
life history investigations have furnished a sound basis for judgment 
as to the chances of its proving a financial success in any given region. 
After such studies have been made, or during their progress, a few 
carefully planned demonstrations in suitable localities conducted by 
the Department of Agriculture, the State experiment stations, or in 
cooperation with skillful planters will take the place of haphazard 
testing by experimenters, and of the usually indecisive and often enor- 
mously expensive trials by private growers. 

Millions of dollars have been thrown away in attempts to grow crop 
plants in regions where a properly carried out life history investiga- 
tion would have shown that there was no hope of success. Unfounded 
inflation of values of agricultural lands, and the rush into new cultures 
in unsuitable regions by whole communities at a time as the result of 
a‘* boom,” could largely be avoided were it possible to furnish the 
would-be planter with a black-and-white statement of the necessities 
of the crop plants under discussion, whereby he would be able to 
question intelligently whether the region were adapted to the pro- 
posed cultures. 

At present it isno exaggeration to state that the life history require- 
ments and the limits of the power to resist unfavorable environmental 
conditions are far better known for many microscopic lower plants, 
such as bacteria, fungi, and algae, even for species having no economic 
importance, than for the most important crop plants whose culture 
provides employment for tens of millions, and whose products consti- 
tute the daily food of hundreds of millions of human beings. Such a 
condition is discreditable alike to biological and to agricultural science 
and should not longer continue. 
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SUMMARY. 


The date palm can endure any degree of heat and any amount of 
dryness in the air, and is even favored by hot winds and by a rainless 
summer. The best sorts can mature only in regions having a very 
long and very hot growing season. 

It can endure more alkali in the soil than any other profitable crop 
plant and can thrive on soils containing from 0.5 to 1 per cent of 
alkali, even when irrigated with brackish water heer Do 0.43 per 
cent (430 parts per 100,000) or more of injurious alkali. It can with- 
stand without in‘ury accumulations of alkali at the surface of the soil 
that would kill all other crop plants, even those considered to be very 
resistant to alkali. 

The choicest date that reaches America and Kurope, the famous 
Deglet Noor of the Algerian and Tunisian Sahara, is very sweet, of 
exquisite flavor, and is adapted to serve as a dessert fruit; it sells ee 
more than Smyrna figs, being the most expensive dried fruit on our 
markets. The demand for these dates during the holidays is never- 
theless greater than the supply, and if they could be sold somewhat 
cheaper the consumption of this fruit would be enormous. 

The Salton Basin or Colorado Desert, in southeastern California, 
recently put under irrigation, has a hotter and drier summer climate 
than the Algerian and Tunisian Sahara, where the best grades of 
Deglet Noor dates are grown, and is, indeed, better adapted to the cul- 
ture of this fruit, since not only is the climate more favorable but the 
soils are richer and the irrigation water is of better quality. 

The date palm will prove of equal value on the move alkaline areas 
of other arid regions in the Southwestern States where the winters are 
warm enough to permit it to grow. Most regions do not have sufhi- 
cient summer heat to mature the Deglet Noor date, and other sorts 
which ripen earlier must be planted. 

It is very probable that the culture of the best second-class dates, 
suitable for employment in confectionery and for household uses, will 
prove a profitable industry in the Salt River Valley, Arizona, and it is 
possible that the Deglet Noor variety may mature there. 

Even the growing of ordinary sorts, such as the oriental dates, 
which are imported into this country in enormous quantities, may pay 
in some favored regions, such as the flood-plain of the Colorado River 
in Arizona and California, where exuberantly fertile lands can be had 
cheaply, and where the annual overflow and seepage from the river 
render artificial irrigation unnecessary. 

Although date palms are likely to be grown first on soils too alka- 
line for other crops, the culture of the finer sorts promises to be a most 
profitable fruit industry that would warrant planting on the very best 
lands and the employment of the most modern horticultural methods. 
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DESCRIPTION OF PLATES. 


Puare |. Old date palms at Hermosillo, northern Mexico. Orange trees, peppers, 
and alfalfa are growing under the palms. December, 1899. Negative by the 
author. 

Puate Il. Map of a portion of the Sahara Desert, in southern Algeria, showing the 
principal centers of date culture, Zibane, Oued Rirh, Oued Sout, ete. Reduced from 
1: 800,000 map of Service géographique de l’ Armée, Paris. Scale 1: 2,400,000. 
Localities where soil samples were secured are marked with a star. The fine 
lines indicate caravan routes. The railway does not yet extend beyond Biskra. 

Puare III. Map showing distribution of soil types and of alkali in the Imperial area 
in the Salton Basin, California. Prepared by the Bureau of Soils, U. 8. Depart- 
ment of Agriculture, in 1903. 

Puatre LV. Relief map of California, showing the principal regions where dates can 
be grown. Reduced from a drawing made after a photograph (furnished by 
Prof. Alexander G. McAdie) of a relief map of California exhibited at the 
World’s Columbian Exposition, Chicago, 1893. 


Puate Y. Fig. 1.—Date garden in Old Biskra, Algeria. Bunches of nearly ripe fruit 
are seen on the taller palms; fig trees are growing underneath in the partial 
shade. August, 1902. Negative by Thos. H. Kearney and Thos. H. Means. 
Fig. 2.—Date palms at Old Biskra, Algeria. To left, two old male date palms, 
showing more abundant leaves and thicker trunks than the female trees beyond. 
Negative by the author. 

Puare VI. Fig. 1.—Native gardeners (Rouara) at Ourlana, Algeria, putting date 
offshoots into sacks, preparatory to shipment by camel back; to the right is seen 
the corner of the date plantation. Soil samples (Ourlana, Station No. 1) were 
obtained a few rods from here, May, 1900. Negative by Charles Trabut. Fig. 
2.—Caravan loaded with date palm offshoots for the Tempe garden, Arizona, 
starting from Ourlana northward toward Biskra, Algeria, May, 1900; negative 
by Charles Trabut. Fig. 3.—Final trimming of date offshoots at Algiers, pre- 
paratory to packing for shipment to America, June, 1900. Negative by the author. 


Puiate VII. Fig. 1.—Flower cluster of male date palm just emerged from sheath; 
flowers opening and letting pollen escape. (One-fifth natural size.) Fig. 2.— 
Three female flower clusters. To left, just opening, ready to pollinate; in center, 
pollinated, male twig tied fast; to right, ten days after pollination. (One-fifth 
natural size.) Fig. 3.—Male and female flowers of the date palm, magnified: 
Above, young fruits turning green a week or so after pollination; in middle, 
female flowers ready to be pollinated; below, male flowers just shedding pollen. 
(Three times natural size.) Negatives by the author. 


Puate VIII. Fig. 1.—Forest of old date palms at Biskra, Algeria; an Arab has climbed 
the tallest tree (in the background), and is pollinating the flowers, May, 1900. 
Negative by the author. Fig. 2.—Arab pollinating a date palm, Ramley, Egypt, 
March 24, 1901; a rope passed around the trunk and attached to a broad belt at 
the waist aids in climbing. Negative by D. G. Fairchild. Fig. 3.—Arabs demon- 
strating the operation of pollinating the date palm; the cluster of female flowers 
is partly removed from the sheath and a sprig of male flowers is just being 
inserted with the right hand; the fiber with which the flowers will be tied in 
place is held in the mouth. Negative by theauthor. Fig. 4.—Arabs demonstrat- 
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ing the pollination of the date palm; the next stage after Fig. | above; the cluster 
of female flowers has been entirely removed from the sheath and is being tied 
together with a palm-leaf fiber to hold the sprig of male flowers in place. Nega- 
tive by the author, 

PuatelX. Deglet Noordates fromthe Sahara Desert. (Natural size.) Photographed 
at Washington two months after being picked. Above, cut open date and two 
seeds. Negative by G. N. Collins and the author. 

Piare X. Deglet Noor dates packed for the retail trade. The small paper box con- 
tains about two-thirds of a pound; the wooden boxes hold about four and one- 
half pounds. (One-third natural size.) Negative by G. N. Collins and the 
author. 


Pirate XI. Date palms growing in basin irrigated by flooding, at Bedrachin, near 
Cairo, Egypt. The water ranges from a few inches to several feet deep and 
remains standing about 6 weeks. September, 1902. Negative by Thos. H. 
Kearney and Thos. H. Means. 


Puatre XII. Fig trees growing under partial shade afforded by date palms in the 
oasis of Chetma, Algeria; May, 1900. Negative by the author. 

Piare XIII. Date palms in garden at Biskra, Algeria. Soil samples ( Biskra, Station 
No. 1) were secured in the foreground. An Arab is climbing the tall palm in 
order to pollinate the flowers; May, 1900. Negative by the author. 


Piate XIV. Fig. 1.—Date palms growing without artificial irrigation near Fougala, 
Algeria; at the base of the palm trunks a bank or ‘‘goorma’”’ is seen. Fig. 2.— 
Shallow well with sweep ‘‘kitara’’ used to irrigate date palms at Fougala, Algeria. 
Negatives by the author. 


Puate XV. Fig. 1.—Very alkaline undisturbed Saharan soil at Fougala, Algeria; a 
scanty growth of salt bushes and samphires is seen in the foreground near where 
soil sample (Fougala, Station No. 1) was taken; to left, in middle ground, young 
palms are seen growing in pits. Fig. 2.—Date palm in condition called ‘‘mez- 
noon’’ or crazy, showing youngest leaves dwarfed and distorted; oasis of 
Fougala, Algeria; May, 1900. Negatives by the author. 


Puate XVI. Fig. 1.—Young date palms growing on very alkaline soil at Chegga, 
Algeria. A white crust of alkali is shown along the edge of the irrigation ditch. 
A soil sample (Chegga, Station No. 1) was secured nearby. Fig. 2.—Young date 
palms at Chegga, Algeria. A soil sample (Chegga, Station No. 2) was obtained 
in the bed of oasis alfalfa seen on the left of the drainage ditch; May, 1900. 
Negatives by the author. 


Pirate XVII. Fig. 1.—Date plantation on alkaline soil at Ourlana, Algeria, in the 
Oued Rirh region of the Sahara Desert. A drainage ditch is shown and to 
right ridges to facilitate irrigation by surface flooding. A soil sample (Ourlana, 
Station No. 2) was secured between the first two trees on the right. Negative by 
the author. Fig. 2.—Crescent-shaped excavation, ‘‘ dahir,’’ at the base of a date 
palm, to hold irrigation water, Biskra, Algeria. Offshoots ready to remove are 
seen at the base of the trunk. Negative by the author. 


Piate XVIII. Fig. 1.—View in the Salton Basin, near Imperial, Cal., looking south- 
ward, showing level, bare desert land, with almost no trace of vegetation; Signal 
Mountain, in Mexico, in the distance; January, 1901. Fig. 2.—Shore of a dry, 
salt lake, Chott Merouan, between Chegga and M’raier, Algeria, with salt-loving 
vegetation; in the distance a mirage simulates a vast sheet of water, with remote 
islands covered with bushes. Negative by the author. 

Piate XIX. Fig. 1.—A neglected Egyptian date palm growing without irrigation in 
the Salton Basin, near Indio, Cal., November, 1899. Fig. 2.—Old date palms 
showing reflexed, dead leaves growing at Hermosillo, northern Mexico; orange 
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trees grow under the palms; arid hills form the background; December, 1899. 
Fig. 3.—Fan palm, showing persistent dead leaves clothing the trunk, near Indio, 
Cal. Fig. 4.—Group of fan palms growing wild in a dry ravine near Indio, Cal., 
November, 1899. Negatives by the author. 

Puare XX. Fig. 1.—Old date palms growing at San Diego Mission, near San 
Diego, Cal. Negative by Park & Co., Los Angeles. Fig. 2.—Seedling date palm, 
showing bunches of nearly ripe fruit, growing without artificial irrigation in the 
flood-plain of the Colorado River, near Yuma, Ariz.; planted by Mr. Hall Han- 
lon (who stands beneath), November, 1899. Negative by the author. 

Puare XXI. View in Cooperative Date Orchard at Tempe, Ariz., showing growth 
made in two years by offshoots imported from North Africa in 1900. Photo- 
graphed December 31, 1902, by Prof. R, H. Forbes. 

Piare XXII. Three-year-old Deglet Noor date palm in fruit, growing in the Coop- 
erative Date Orchard at Tempe, Ariz., from an offshoot imported from the Sahara 
Desert in July, 1900. Photographed August 27, 1903, by W. W. Skinner. 
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FiG 1.—FRUITING DATE PALMS AT OLD BISKRA, ALGERIA, WITH FIG TREES GROWING 
UNDERNEATH, AUGUST, 1902. 


Fia. 2.—DATE PALMS AT OLD BISKRA, ALGERIA. TWO LARGE MALE TREES AT LEFT. 
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FiG. 1.—NATIVE GARDENERS (ROUARA) AT OURLANA. ALGERIA, PREPARING 
DATE OFFSHOOTS FOR SHIPMENT BY CAMEL BACK. 


FiG. 2.—CARAVAN LOADED WITH DATE PALM OFFSHOOTS FOR ARIZONA, 
STARTING FROM OURLANA NORTHWARD, May, 1900. 
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Fia. 3.—FINAL TRIMMING OF DATE OFFSHOOTS AT ALGIERS PREPARATORY 
TO SHIPMENT TO AMERICA, JUNE, 1900. 
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Fic. 2.—THREE FEMALE FLOWER 


Fic. 1.—FLOWER CLUSTER OF MALE DATE 


CLUSTERS. 


PaLM JUST EMERGED FROM SHEATH AND 


LETTING POLLEN ESCAPE. 


MALE AND FEMALE FLOWERS OF THE DATE PALM, MAGNIFIED. 
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PLATE |X. 


DEGLET Noor DATES FROM THE SAHARA DESERT (NATURAL SIZE). 


DEGLET Noor DATES PACKED FOR THE RETAIL TRADE. 
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PLATE Xl. 


DATE PALMS GROWING IN BASIN IRRIGATED BY FLOODING AT BEDRACHIN, NEAR CAIRO, 


SEPTEMBER, 1902. 
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f Plant Industry, U. S. Dept. of Agriculture PLATE Xll. 


Fia TREES GROWING UNDER PARTIAL SHADE AFFORDED BY DATE PALMS, OASIS OF 
CHETMA, ALGERIA. 
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ARAB CLIMBING TALL PALM IN A GARDEN AT BISKRA, ALGERIA, TO POLLINATE THE 
FLowers, May, 1900. 


Bul. 593, Bureau of Plant Industry Vept f Ag jiture PLATE XIV. 


Fig. 1.—DATE PALMS GROWING WITHOUT IRRIGATION NEAR 
FOUGALA, ALGERIA. 


Fig. 2.—SHALLOW WELL USED TO IRRIGATE DATE PALMS AT 
FOUGALA, ALGERIA. 
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Bul, 53, Bureau of Plant Industry, U. 5. Dept. of Agriculture PLATE XV. 


Fi@. 1.—VERY ALKALINE UNDISTURBED SAHARAN SOIL AT FOUGALA, 
ALGERIA. YOUNG PALMS GROWING IN PITS. 


Fic. 2.—DaATE PALM IN DISEASED CONDITION CALLED *‘ MEZNOON,”’ 
CAUSED BY EXCESS OF ALKALI, FOUGALA, ALGERIA. 
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Fic. 2.—YouNnG DATE PALMS AND SAHARAN ALFALFA AT CHEGGA, 


ALGERIA. 


- ‘ ‘. 
al dle §, Ol ow - ebm (see, ee ee 


6» 


: a oe : . 
yi oe : : ) 9 oe ae 
=) ey arn Ba, ee Me 2 4 Bete eae 


> oo - 


Bul, 53, Bureau of Plant Industry, U. S. Dept. of Agriculture PLATE XVII. 


Fig. 2.—CRESCENT-SHAPED EXCAVATION AT THE BASE OF A DATE PALM TO HOLD 
IRRIGATION WATER, BISKRA, ALGERIA. 
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Fic. 1.—VIEW IN THE SALTON BASIN, NEAR IMPERIAL, CAL., SHOWING LEVEL, BARE 
DESERT SOIL. 


Fig. 2.—SHORE OF A Dry SALT LAKE, CHOTT MEROUAN, BETWEEN CHEGGA AND 
M’RAIER, ALGERIA. 
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Fia. 1.—A NEGLECTED EGyp- 
TIAN DATE PALM GROWING 
WITHOUT IRRIGATION IN THE 
SALTON BASIN, NEAR INDIO, 
CAL. 


Fic. 2.—OLD DATE PALMS AT HERMOSILLO, NORTHERN 
MEXICO, WITH ORANGE TREES GROWING UNDERNEATH. 


Fia@. 3.—FAN PALM SHOWING DEAD LEAVES Fic. 4.—GROUP OF FAN PALMS GROWING 
CLOTHING TRUNK, NEAR INDIO, CAL. WILD IN A DRy RAVINE, NEAR INDIO, CAL. 


‘5 ts 1 of Plant Industry >. Dept. of A ture : 
L griculture PLATE XX. 


ey, o@ a 
> ; 
& a : Pg ie 2th 
‘ uf MM”: , cd A fo 
ft 4 


Fic. 2.—SEEDLING DATE PALM WITH NEARLY RIPE FRUIT, GROWING WITHOUT IRRIGATION 
IN THE FLOOD PLAIN OF THE COLORADO RIVER IN CALIFORNIA. 
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PLATE XXII. 


ViEW IN COOPERATIVE DATE ORCHARD, TEMPE, ARIZ., SHOWING OFFSHOOTS IMPORTED FROM NORTH AFRICA IN 1900. 
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DATE ORCHARD AT TEMPE, ARIZ., FROM AN OFFSHOOT IMPORTED FROM THE SAHARA 


THREE-YEAR-OLD DEGLET Noor DATE PALM IN FRUIT, GROWING IN THE COOPERATIVE 
DESERT IN JULY, 1900. PHOTOGRAPHED AuausT, 1908. 
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FiG. 2.—NEW DATE PLANTATION, SHOWING IRRIGATION DITCHES. 
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Fig. 3.—AT THE BORDER OF IRRIGATION; PATCHES OF ALFALFA. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BurEAv OF Puant INpustrY, 
OFFICE OF THE CHIEF, 
Washington, D. C., October 17, 1903. 

Str: I have the honor to transmit herewith and to recommend for 
publication as Bulletin No. 54 of the series of this Bureau the accom- 
panying paper entitled ‘* Persian Gulf Dates and Their Introduction 
into America.” 

This paper was prepared by Mr. D. G. Fairchild, Agricultural 
Explorer, and has been submitted by the Botanist in Charge of Seed 
and Plant Introduction and Distribution with a view to publication. 

The information contained in this bulletin and a collection of young 
date palms which were imported and are now growing in the Govern- 
ment date orchards in Arizona form another of the many generous 
gifts which Mr. Barbour Lathrop, of Chicago, has made to the Ameri- 
can people. 

The four half-tone plates are essential for the purposes of this 
bulletin. 

Respectfully, B. T. Gattoway, 


Chief of Bureau. 
Hon. JAMES WILSON, 


Secretary of Agriculture. 


PREFACE, 


The importance of introducing the commercial culture of the date 
palm into Arizona and California led to the establishment of the coop- 
erative date orchard at Tempe, Ariz., where already more varieties 
of this palm are gathered together than are to be found in any other 
one place in the world. To the original orchard additions have been 
made from time to time, one of the most important being the collec- 
tion of Persian varieties presented to the Department of Agriculture 
by Mr. Barbour Lathrop and described in the present bulletin. For- 
tunately, many of the suckers sent from Persia are alive and will in 
time enable the Department to distribute the best of these varieties in 
suitable regions of our arid Southwest. 

Mr. Fairchild’s statements regarding the manner in which the Per- 
sian dates are packed furnishes an additional incentive for pushing 
the work of introduction, so that the home market may be supplied 
with clean, wholesome dates. 

In securing much of the information which is contained in this bul- 
letin and in the procuring of the young date palms Mr. Fairchild is 
indebted to the American vice-consul, Mr. A. Mackirdy, of Maskat, 
Mr. Rudolf Hiirner, vice-consul, of Bagdad, Mr. O. Gaskin, British 
vice-consul, of Bahrein, and especially for unusual courtesies and aid 
to Mr. H. P. Chalk, of Bassorah. 

A. J. PIETERS, 
Botanist in Charge. 
OrricE oF BoraNnist IN CHARGE OF SEED 
AND PLANT INTRODUCTION AND DISTRIBUTION, 
Washington, D. C., September 17, 1903. 
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PERSIAN GULF DATES AND THEIR INTRODUCTION 
INTO AMERICA, 


INTRODUCTION. 


The valley of the Euphrates is said to be the birthplace of the date 
palm. Whether this is true or not, it is certain that nowhere else in 
the world are more favorable conditions for the cultivation of the date 
to be found than along the shores of the Persian Gulf and in Lower 
Mesopotamia. 

The Persian Gulf date region is doubtless the largest in the world 
and furnishes the greatest part of all the dates sold in the American 
markets. Two million cases, or over a hundred million pounds of 
dates, have been exported ina single year from the principal shipping 
port; and at a very moderate estimate—for no even approximate data 
are obtainable—there must be not less than fifteen to twenty million 
date palms in this great territory. 

The date plantations of Biskra, in the Sahara, contain little over 
half a million palms, according to Swingle,’ while the immense region 
comprising Upper and Lower Egypt together is estimated by Will- 
cocks? to have only 7,400,000 date palms in cultivation. Moroccan 
and Spanish gardens are insignificant in comparison with these great 
regions, and no one connected date area can compare in size with the 
plantations which extend for 70 miles in an unbroken forest from 
below Mohammerah to above Kurna, on the Shat-el-Arab River. 
This strip of forest varies in width from less than a mile to over 3 
miles, and more than 5,000,000 trees, it is estimated, are packed into it. 
There is certainly nothing comparable to it in the world, either as 
regards size or the ease with which it can be irrigated. 

Date growing in Arizona is rapidly passing the experimental stage. 
The fact that this fruit could be grown there, however, was first called 
to the attention of the public by the success of a number of chance 
seedlings which bore good crops of fine fruit. The seeds from which 

“Swingle, W. T. The Date Palm and its Culture. In Yearbook of Department 


of Agriculture for 1900, p. 461. 
> Willcocks, W. Egyptian Irrigation, 1899, pp. 17-18. 
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these seedlings were raised came probably from Persian Gulf dates, 
since these are the most common ones in our markets. The excellence 
of the fruit from these seedlings and the fact that they ripened early 
made it seem probable that the Persian Gulf dates, as a class, might 
prove upon investigation to ripen earlier than those of North Africa, 
and therefore be better suited to the short, hot seasons in Arizona. 

The stickiness of the dates from Mesopotamia, as sold in this coun- 
try, is perhaps a disadvantage which they have in comparison with 
the African sorts, but it was thought that American date firms might 
not wish to import the best varieties and that there might be found 
under cultivation along the coast of the Persian Gulf superior early- 
ripening sorts of which nothing is now known in the United States, 

The consideration of these possibilities decided Mr. Barbour Lathrop 
to send the writer up the Persian Gulf to Bagdad to look for the best 
and earliest varieties of dates and to secure such information regard- 
ing their culture as might be obtainable. The object of this short 
bulletin, therefore, is to make available to those interested in date 
culture the information, more or less fragmentary, which was secured 
during a brief stay in Bassorah and Bagdad and stops of a few hours 
at ports on the Persian Gulf. 


GENERAL DESCRIPTION OF THE REGION. 


The Persian Gulf, like the Red Sea, is a body of unusually salty 
water, surrounded by stretches of desert sand and barren hills and 
cliffs. Its waters are shallow and easily and often ruffled by storms, 
making landing on the shelving beaches sometimes difficult and danger- 
ous. Its eastern shore is formed by the rocky coast of Persia, while 
the deserts of Arabia constitute its western coast. The Gulf of Oman 
is separated from the Persian Gulf by a narrow strait, south of which 
lies the Sultanate of Maskat, with its dependent province of Guadur 
on the opposite side of the gulf. 

The Shat-el-Arab River is formed by the union of the Tigris and 
Euphrates at Kurna, where, according to the Arabs, the garden of 
Eden was located. It flows south for 70 miles and empties into the 
northern end of the Gulf of Persia, forming a shallow bar which must 
be crossed at flood tide by even shallow-draft vessels. 

The Persian Gulf is politically controlled by Great Britain, whose 
officials settle petty intertribal disputes between the natives and push 
the interests of British trade by increasing the communication facilities 
of the waterways. Turkey nominally governs Arabia, but practically 
controls little territory south of the Shat-el-Arab River, while the Shah 
of Persia has jurisdiction over the whole eastern coast of the gulf, 
and the Sultan of Maskat, under the eye of Great Britain, manages 
the affairs of his Sultanate and of his dependency of Guadur, 


—— 


DESCRIPTION AND CLIMATE OF REGION, ‘) 


Developments in this region have until recently been very slow, but 
those who read the signs of the times there foresee some interesting 
changes in the near future, 

There are several ways in which the Persian Gulf region may be 
visited: By comfortable steamers of the British India Line from Bom- 
bay, which run weekly and form the easiest and quickest approach; 
by caravan from Damascus, in fourteen days, to Bagdad; by carriage 
from Trebizond to Mosul and down the Tigris (on a raft of inflated 
sheepskins) to Bagdad; via Teheran and Ispahan on mule back to 
Bushire or Bagdad; or by the Anglo-Arabian and Persian Steamship 
Company, of Leadenhall street, London, which keeps up a fairly good 
service to and from the gulf. This company runs steamers at least 
once a month, and frequently semimonthly, stopping at Port Said, 
Suez, and Aden. 

The Turkish quarantine regulations at Bassorah require of all pas- 
sengers on boats from India ten days’ quarantine, while only five are 
demanded of this Anglo-Arabian Company coming direct from Europe. 
The easiest way, therefore, to reach the gulf will be to join one of this 
company’s boats at Port Said, Suez, or Aden. Returning, one can take 
a boat of the British India Line to Bombay, if he desires to call at any 
of the ports on the coast, which are closed by quarantine to boats going 
up to Bassorah but open to all steamers returning from there. 


CLIMATE. 


The Persian Gulf and the Gulf of Oman are among the hottest 
regions in the world. Maskat, while not as warm as Jacobabad, is 
so hot that the thermometer registers 117° to 120° F. in the shade, and 
for nights and days the temperature has been known to remain some- 
where about 110° F. The sea water in the harbor, as taken for the 
ship’s engines, was registered on the log of the steamer as 96° F., and 
the eight Europeans who live in the place, in order to make sleep a 
possibility, resort to the use of special machines, like fanning mills, 
which force a draft of air through a perpetually wet screen. As high 
as 124° F. in the shade is recorded for the river Shat-el-Arab by the 
**Persian Gulf Pilot.” The Europeans spend as much time as possi- 
ble during the day in darkened, lower-story rooms, and the nights on 
the flat roofs of the houses. Nor is the heat by any means always a dry 
one, but it is often muggy and oppressively moist. The winters are as 
delightful, with their bright sunshine and cool breezes, as southern 
California. The rainfall is about 6 inches, according to Mr. Mac- 
kirdy, United States vice-consul, and occurs in the spring months. 
No rains fall during the principal date harvest in August and Septem- 
ber, which are at the same time the hottest months. Owing to this 
long, excessive heat at Maskat the dates ripen earlier than they do 
farther north. 
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At Bahrein (the pear! islands), on the Arabian side of the Gulf, 
Rey. S. M. Zwemer, who has the self-registering thermometer of the 
Indian weather service, describes March, April, October, November, 
and December as ** delightful,” with indoor temperatures seldom above 
85° F. or below 60° F. January and February are colder, even cold 
enough for a fire, and in these two months the rain of the season 
usually falls. The months from May to September form the hot 
season, and during this period heavy night dews are common and the 
thermometer often remains above 100° F. for many days and nights 
together. The minimum temperature in the village of Menamah, 
Bahrein, during the summer months of 1893 was 85° and the maximum 
107° F. in the shade. 

In Bassorah, near the mouth of the Shat-el-Arab, the climate is 
similar to that of Bahrein, with the exception that the winters are 
colder—so cold, in fact, that a grate fire is necessary for comfort. 
Such delicate plants as tropical guavas are injured by the low 
temperature. 

Bagdad is still some distance from the northern limit of date culture, 
and yet frosts are of frequent occurrence. Temperatures of 17° and 
even 12° F. it is understood have been observed, though not by official 
weather observers. ‘The summers are cooler than at most places on 
the gulf, and shortly after sunset the rapid radiation from the desert 
which surrounds the town lowers the temperature appreciably. Judg- 
ing from the glare upon the light-brown soil in the winter season and 
from the precautions which it is necessary for travelers to take in 
crossing the deserts, the insolation to which the date palms are sub- 
jected in Mesopotamia must be something extraordinary. No figures 
regarding the force of the sun’s rays, however, were obtainable. 

From Mr. Willcocks’s paper, cited later, the following tables are 
taken: 


Meteorological observations at Bagdad. 
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Meteorological observations at Bagdad—Continued. 
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LOCATION OF THE DATE GARDENS. 


Although the Arab knows more about dates than he does about any 
other plant, since it is his principal food, his knowledge is generally 
very local, and it is difficult to obtain accurate information regarding 
the extent of the date plantations along the gulf. 

It is probable that small gardens are to be found almost anywhere 
on the coast where the water necessary for cultivation is obtainable, 
but there are several principal regions from which the dates are 
exported or have otherwise become well known. How large they are 
is, however, the subject of conjecture. 

The Pangh Ghur region, lying thirteen days’ caravan ride inland 
from the port of Guadur, on the Gulf of Oman, is in the Mekran ter- 
ritory of Baluchistan. According to Lieut. W. O. Grant, of the 
First Baluchistan Light Infantry, who recently took an expedition 
into the country and to whom the writer is indebted for much valu- 
able information, the plantations in this region are of considerable 
size, including hundreds of thousands of trees; but the natives export 
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into Kurrachee and other parts of India only small quantities of dates, 
Among them, however, is one of the finest in the world, called the 
**Mozaty,” which is packed in date sirup in small earthen jars and is 
sold as a great delicacy on the Kurrachee market. Little is known 
about the other varieties of this region, except that they are reported 
to ripen very early, even as early as June. <A guard is necessary in 
order to visit the region, as the inhabitants are quite uncivilized and are 
continually at war with each other.“ Maskat itself has few palms in 
its immediate vicinity, but some 50 miles in the interior, at Semail, at 
least half a million trees are said to be under cultivation, while along 
the Batna const is a region which, according to Vice-Consul Mackirdy, 
is 60 miles long and a half mile wide and is packed with date palms. 
These two areas are believed by Mr. Mackirdy, who is an old resident 
in Maskat, to nearly equal in size those of Bassorah and Mohammerah. 
They furnish 1,000 tons of dates for export to America and the total 
yearly export from Maskat is estimated roughly at 30,000 tons, which 
is second only to Bassorah in amount. Maskat has the largest date 
export from the gulf to Indian and other Asiatic ports. Owing to its 
southern latitude and excessive heat the dates of Maskat ripen earlier 
(some of them in June) than those farther north. 

Back of Jask, which lies on the opposite coast of the Gulf of Oman, 
large gardens of dates are said to exist, but about the place itself 
scarcely a palm is to be seen, and the surroundings of the latter are 
almost a complete desert. Six days’ camel ride into the interior, at a 
place called Bashkala, some especially fine varieties are grown and, 
according to Mr. G. W. Mongavin, of the Indo-European telegraph 
department, who was stationed for some years at Jask, the dates from 
this region are the finest he has ever tasted. How extensive the orchards 
are isunknown. Forty miles from Bunder Abbas, on the Persian coast, 
are the plantations of Minab, which are almost as large, it is said, as 
those of Bassorah and Mohammerah. These are the plantations which 
furnish the dates for consumption on the Persian Gulf, and, in the pick- 
ing season, which is in June and July, the inhabitants of many small 
villages along the coast migrate to Minab, where dates are much 
cheaper than at home, to live for several months. ‘The varieties, in 
part similar to those of Maskat and Bassorah, are inferior in flavor 
and keeping quality. Those tasted, late in the season it is true, had 
decidedly harsh skins, and were inferior in every way to any of the 
good Bassorah sorts. 

The town of Lingah, in Persia, which owing to the quarantine 
restrictions was seen only from the steamer, is fringed with date 


«The native servant, whom Lieutenant Grant was kind enough to dispatch to 
Pangh Ghur in search of palms for the expedition, was turned back at Kej, some 
seven days’ caravan journey from the former place, but luckily secured at Kej palm 
shoots, which the chief of the place reports are of the Pangh Ghur variety ‘‘ Mozaty.” 
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palms, but it was not learned that any fruits were exported or that 
any considerable area was planted to dates. The people of Lingah are 
said to obtain most of their dates from Minab. 

Bahrein Island, noted as the center of the pearl fisheries of the 
gulf, has itself a half-million date palms planted on it, but they are not 
much more than enough to supply local gulf demands, neither are they 
of superior quality. The region of Hassa, however, 69 miles inland, 
has extensive plantations and produces one of the most delicious dates 
of this part of the world, called the ** Khalasa of Hassa.” Zwemer, 
in his ‘tArabia, the Cradle of Islam,” remarks that the Hassa date 
region is not comparably as large as that of Bassorah, but he does 
not tell how extensive it really is. Probably a million trees would be 
a fair estimate. 

Bushire has few date palms about it, but the districts of Tangistan 
and Koweis, not far off, have plantations of considerable size, it was 
stated by an old resident of the place. Three or four hundred tons of 
dry dates are exported annually to India from this port. 

Of the date gardens of Koweit nothing was learned, but they are 
probably inconsiderable in size. 

Mohammerah and Bassorah, although 30 miles apart and on opposite 
sides of the Shat-el-Arab which separates Persia from Arabia, really 
belong to the same general district and are the centers for export of 
the largest single date-producing region in the world. Although no 
count has ever been made, there are probably over five or six mil- 
lion palms planted along the banks of the river, and as seen from the 
bridge of a steamer the waving crowns of these tall palms stretch 
away in every direction to the horizon. (PI. II, fig. 1.) In reality, 
the strip of land occupied by them is from less than a mile to 3 or 4 
miles wide and 70 miles long, with occasional rice fields or neglected 
areas. 

At various places along the Tigris and Euphrates, which rivers run 
almost parallel to each other across the broad, slightly inclined plain 
of Mesopotamia, there are date plantations varying in size from a few 
trees to hundreds of acres. About Bagdad, 535 miles from Bassorah, 
and at Hillah, on the Euphrates, a day’s journey by camel from Bagdad, 
there are extensive groves of dates—over a million trees in the two 
places—and numerous superlative sorts are produced here, such asthe 
* Kustawi,” ‘‘ Maktum,” ‘‘Taberzal,” etc. Owing to the fact that 
there is little export to restrict the number of varieties which may be 
planted for profit, there are probably more different kinds to be found 
about Bagdad than anywhere else in the Persian Gulf region. 


SOIL CONDITIONS. 


The date loves a slightly alkaline soil and can thrive where enough. 
salt is present to kill most ordinary plants. It finds in the countries 
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around the Persian Gulf all degrees of saltiness. The writer was 
unable to obtain good samples of the soil from all of the noted date 
regions about the gulf but examined a sufficient number to satisfy him- 
self of its variability. In Bassorah there is an adobe soil, resembling 
the silt of the Nile Valley, so sticky that it has only to be dried in the | 
sun to make the best of adobe bricks. ‘This pure adobe is not con- | 
sidered as suitable a soil as that which has a slight admixture of sand | 
in it to make it lighter. Though undoubtedly a fine soil, this alluyium 
can not be compared with the rich river bottoms of the Missouri, | 
Kansas, and Mississippi, and is able to produce no such crops of maize 
or wheat. The soil of Bagdad resembles that of Bassorah closely, 
being made up of the same alluvial deposits from the Tigris River. 
Not astone the size of a man’s fist can be found by searching for hours 
across the plains about Bagdad, and the broken antique pottery, tiles, 
and bricks attest the character of the fine-grained soil of which these 
millions of acres are composed. It is the very soil of which Babylon | 
was built, and which when baked has so well preserved for later 
generations the cuneiform language of the Babylonians. 


IRRIGATION OF THE PLANTATIONS. 


Nowhere in the world does such an ideal water supply exist for the 
irrigation of date plantations as at Bassorah. A broad, muddy river, 
flowing at a rate varying from 0.4 mile to 6 miles an hour between 
banks which are so low that the Arabs sit upon them and wash their 
hands in the stream (Pl. IV, fig. 3), supplies an almost unlimited 
quantity of water. With each high tide the waters of the river are 
backed up for about 70 miles and rise on an average at Bassorah 6 feet 
above their former level, filling on both banks the hundreds of irrigat- 
ing canals which run in every direction for many miles through the 
date forests. The height of the river at Bassorah changes little, sum- 
mer or winter, though its level at Bagdad, 535 miles away, falls 
materially during the dry summer months. <A strong southerly wind, 
if blowing up river for some time, will, together with the rising tide 
on the bar, raise the level of the water a foot or more over its natural 
high tidal mark. 

Occasional large canals extend for more than 24 miles into the desert 
at right angles to the river and give off numerous side canals. These 
mains are navigable by large steam launches and form the avenues by 
which dates are transported to the steamers that lie in the river during 
the shipping season. These large canals, planted for their whole 
length with palms, are in fact like rivers through a great forest of 
dates. The land is so level that apparently no engineering difficulty 
lies in the way of an immense extension of this canal system so as to 
take in thousands of square miles of this rich alluvial desert which 
stretches away to the horizon from the comparatively narrow strip of 
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already utilized land fringing the river banks. The writer followed 
up one of the main canals and reached the end of the irrigation ditches 
to find, on the very border of the desert, luxuriant patches of alfalfa 
and fine looking 10-year-old date palms. (See PI. I, fig. 3.) The Arabs 
are gradually, but very slowly, lengthening the canals and watering 
more desert every year. A great impetus was given to date culture 
in Mesopotamia by the opening of the Suez Canal in 1869. This 
brought the European and American markets within easy reach by 
water, and enabled the growers to get their dates to London and New 
York in time for the autumn market, avoiding the expense and delays 
of their transportation by camel across the desert. Large areas of 
palms which were planted at that time are now in the prime of their 
productiveness. 

The method of planting is determined by the irrigating ditches, 
which are large (often 3 feet by 3 feet) and cut the ground up into 
small rectangular peninsulas, 10 to 15 by 20 to 30 feet in size. (PI. I, 
fig. 2, and Pl. II, fig. 2.) On each peninsula 2, or sometimes 3, palms 
are set. (Pl. VII, fig. 1.) Often the peninsulas are much larger and 
hold from 4 to 5 and even as high as 10 palms. The size of these 
peninsulas depends somewhat upon the permeability of the soil and 
the height to which the irrigation water rises in the ditches. On an 
average 100 palms are planted to a ‘* djerib,” which unit of measure is a 
trifle less than an acre. In order to prevent the waters receding too 
quickly from the canals when the tide falls, dams of mud are built, 
and pipes, or the hollow trunks of palms, are run through them, which 
permit the water forced into the canals by the rising tide to flow away 
slowly. The length of time during which the canals are filled with 
water is more or less under the control of the proprietor, and as the 
supply is practically unlimited no tax of any kind is paid nor is any regu- 
lation necessary regarding its use. In short, the Bassorah date grower 
has only to see that his ditches are kept in order, which is an easy 
matter where the soil is as pure adobe as the clay of a brickyard and 
the backwater of the river will fill and empty them twice every twenty- 
four hours. The conditions of this form of irrigation, which might 
be called a tidal one, are quite ideal and so far as known are found 
on such a scale nowhere else in the world. Professor Hilgard, of the 
California Experiment Station, says that the waters of the Sacramento 
River are being utilized in a similar way, but on no such scale. With 
the proper extension of the canals on both sides of the river an area 
covering several million acres could, it is believed, be planted to dates 
and the Bassorah region might then supply the dates of the world. 

Conditions in Bagdad are quite different. The banks of the Tigris 
are high, often 20 feet or more, and even at its highest level the water 
never flows into the irrigating canals, but must be lifted laboriously 
by means of contrivances of Babylonian antiquity, called ‘*chirds.” 
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These are composed of a set of pulleys, a bullock-skin bag holding 20 
to 40 gallons, and a rope attached to a horse or bullock, which walks 
laboriously up and down a steep dirt incline, hoisting the water as 
it descends and lowering the bag into the river as it backs up the 
declivity. (Pl. IV, fig. 2.) None of our unpicturesque but practical 
Yankee windmills, with their ugly shapes, has yet invaded the banks 
of the ‘Tigris, although during the spring season, when the water is 
most required, strong, steady breezes are almost constantly blowing. 
Once lifted inte small, shallow reservoirs, the water is led off by 
trenches and manipulated in the usual way, giving each palm a periodic 
watering by filling its particular trench. 

What the irrigation conditions in this region were when Babylon 
was agreat city and the whole country was as thickly populated as 
Egypt is to-day can be judged by a study of the remarkable ruins of 
the great canals and dams which are to be found in this now desolate 
country. 

Sir William Willcocks, K. C. M. G., whose name is so well known 
from his remarkable work on the Assuan dam in Egypt, has recently 
made a study of the old canal system of Chaldea and has drawn a most 
vivid picture of the irrigation system of ancient Babylon.“ He shows 
how favorably it compared with the system of ancient Egypt, and 
points out in the following words the cause of the destruction of its 
greatest canal, the Nahrawan, and the consequent widespread desola- 
tion which was produced: 

What was the real cause of the ruin of all this agricultural wealth and these great 
cities, and the creation of the vast deserts which we see to-day? An examination of 
the map will make it evident. Those who have seen the headworks of the Ganges 
Canal at Hardwar in northern India, where the rubble weirs across the shingly bed 
of the Ganges lead the stream past Hardwar into the Ganges Canal above the steep 
bluffs of Kankhal, will readily understand what I am going to say. Let such imagine 
what would be the fate of the great Ganges Canal if the Ganges River were to desert 
the Hardwar channel, flow down the Budh Ganga, and then turning abruptly west- 
ward eat away the Kankhal bluffs until the canal was cut into by the river. It 
would mean ruin to the whole canal with its 500 kilometers of main channels and 
3,500 kilometers of minor channels. Such a fate has overtaken the Nahrawan Canal. 

The Tigris has a mean width of under 400 meters, according to information kindly 
supplied me by M. Moritz, librarian of the Khedivial Library at Cairo, while the. 
lower heads of the Nahrawin Canal have a mean width of about 100 meters each, 
according to the plans of Commander Felix Jones. To insure the supply of this 
great canal we are, moreover, informed that the Tigris has constructed across its 
ancient bed, downstream of the intake of these feeder canals, massive rubble weirs. 
To me it seems conclusive that, in Chaldea’s evil day, the main stream of the Tigris 
deserted its ancient bed, followed the scoured and degraded bed of the canal whose 
regulating head had been swept away, and cut out a new channel for itself at right 
angles to its old course. A careful examination of the plans and levels can lead to 
no other conclusion. Once the river had changed its course, the old bed gradually 
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silted up, the river ate away the feeder canal at the site of the regulator whose ruins 
to-day are in the bed of the river, and again ate away the main Nahrawiéin itself 
between the seyentieth and eightieth kilometers. The ruin was complete. Feeble 
hands did what they could to repair the disaster. The Beldai dam across the Dydla 
was strengthened and the head of the Nahrawdn Canal was removed to its one hun- 
dred and fifty-second kilometer. The feeble supplies of the Dydla River could alone 
be depended on, the Tigris gave no aid from its ample waters, and a once flourish- 
ing and world-renowned region became a desert. The ruin on the west bank was 
equally great. The weirs which had held up the waters of the Tigris in order to 
feed the canals were turned and the mighty canals dwindled away into the feeble 
water courses of to-day. Commander Felix Jones well observes: ‘‘The summit of 
Opis, as we gaze around, affords a picture of wreck that could scarcely be conceived 
if it were not spread at the feet of the beholder. Close to us are the dismembered 
walls of the great city, and many other mounds of adjacent edifices spread like islands 
over the vast plain, which is as bare of vegetation as asnow tract and smooth and 
glass-like as a calm sea. This appearance of the country denotes that some sudden 
and overwhelming mass of water must have prostrated everything in its way, while 
the Tigris, as it anciently flowed, is seen to have left its channel and to have taken 
its present course through the most flourishing portion of the district, severing in its 
mad career the neck of the great Nahrawdn artery, and spreading devastation over 
the whole district around. Towns, villages, and canals, men, animals, and cultiva- 
tion must thus have been engulfed in a moment, but the immediate loss was doubtless 
small compared with the misery and gloom that followed. The whole region for 
a space of 400 kilometers, averaging about 30 kilometers in breadth, was dependent 
on the conduit for water, and contained a population so dense, if we may judge 
from the ruins and the great works traversing it in its whole extent, that no spot on 
the globe perhaps could excel it.’’ 

Of those who were spared to witness the sad effects of the disaster, thousands, 
perhaps millions, had to fly to the banks of the Tigris for the immediate preservation 
of life, as the region at once became a desert where before were animation and 
prosperity. The ruin of the Nahrawin is indeed the great blow the country has 
received. Its severity must have created universal stupor, and was doubtless fol- 
lowed by pestilence and famine of unmitigated rigor, owing to the marshes which 
accumulated annually in the absence of the dams on each spring rise of the river. 


It is interesting to read what the trained imagination of Mr. Will- 
cocks foresees will be the result of the restoration of these ancient 
irrigation works on the Tigris and his entirely preliminary estimate 
of the expense necessary to restore them. An outlay on canals and 
repairs of £8,000,000, he figures, will throw over a million and a 
quarter acres under cultivation, raise the value of the land which is 
now worthless to $150 per acre, and pay a profit in rentals of 25 per 
cent per annum on the investment of $40,000,000. 

On page 17 of the volume cited Mr. Willcocks remarks: 

To enable a true estimate to be made of the exact nature of the works and their 
cost, there lies much information to be collected by brigades of engineers working 
under a capable chief—such information as only experts can gather through months 
of patient observation and field work—exact gauge readings of the Tigris, Antheim, 
and Dydla rivers; discharge diagrams; analyses of the waters of the rivers; field 
maps of the soils; contoured maps of the country on which to lay down the align- 
ments of the canals, and the dimensions of the cross-drainage works; soundings of 
the rivers and borings of their beds; examination of the building materials available 
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to enable designs to be made of regulators and escapes, weirs and locks, syphons and 
superpassages, and all the details which accompany a well-conceived project. Such 
works it will take a couple of years to collect; but | have not considered it unwise, 
with the aid of experience and prescience acquired in a lifetime of devotion to 
irrigation works, to make a rough preliminary estimate of what such works would 
cost and what would be their probable results, so as to encourage capital to pay for 
the collection of that detailed information whose outlines I have just described. 

The area of first-class land, waiting only for water to yield at once a handsome 
return, | estimate as follows: 


Acres, 

Wrest Of te Gi Pimtee 5c kane ~~ oo ce enn Re oe 280, OOO 
Between the og ana Dow Tigris.........-...-ss«ncesdeeuseuesns eee 160, 000 
Past of the Tiere, worth Of Bagdad ............sopesapelewnnn seen 420, 000 
Fees OF (oe lier moatn of Bagdad... ........scessenanseanens eee 420, 000 

Lys) oh a ne ye eS ...-- 1, 280, 000 

The cost of the works, discounting all assets, I estimate roughly as follows: 

Main canal, 200 kilometers by 500 square meters........ cubic meters. . 100, 000, 000 
LO SESS SS | eee eee a ee £2, 000, 000 
Weer Or ee eee. 2 on ie ee 600, 000 
Masonry works, main canal, one-half the earthwork. ............--.--- 1, 000, 000 
Minor canals,” 1.280:000 acres, at £3 per acre. .....ceeecn see ouect eeeaee 3, 840, 000 

ee ee nw eee ceca cee et eee eee 7,440, 000 
Pee OOMIINGUNEION a5. 6 iS... ec nee eee eee 560, 000 

SON | ere eS a 8, 000, 000 
Gest-ner acre (26,000,000 1,280,000) ........ Seabees see eee eee £7 
Warne of tne lane (1,280,000 acres, at £30)... - £2 eee eee 38, 400, 000 
ent per anne (1,260,000 acres, at £3) ..... 2 eee o see ness cee ees 3, 840, 000 


If of this sum nearly half is spent in maintenance of the canals, we have a net 
return of £2,000,000 per annum, or 25 per cent on £8,000,000 of capital. Let those 
who know Egypt say whether they consider such figures as too sanguine. 

The date region of the island of Bahrein is watered by several most 
remarkable springs, the fresh water of which must reach the island by 
submarine water courses. The largest of these springs is 100 feet 
across and 27 feet deep, and flows a 2-mile-an-hour stream, with a cross 
section of 2 by 8 feet, or about 16,000 gallons per minute. This spring 
alone waters, the British vice-consul, Mr. Gaskin, states, about a half 
million date palms and if completely utilized could water almost as 
many more. 

In Hassa, on the mainland, tnere are underground water courses, 
and the date palms which furnish the famous Khalasa date probably 
get their water from these underground sources. Zwemer’ describes 
vast areas in this region, now quite destitute of vegetation, where 3 or 
4 feet below the surface an abundance of sweet water is obtainable.¢ 

The river Lowadi flows through Minab, and the plantations of this 
date region are irrigated by it, according to the statement of a resident 
of Bunder Abbas, the nearest port. 


«Zwemer, 8. M. Arabia, the Cradle of Islam. New York, 1901, p. 112. 
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The method of irrigation used in the Pangh Ghur region, where the 
famous Mozaty date is grown, must be most peculiar, for, according to 
Lieutenant Grant, the system of canals is largely subterranean, and 
innumerable wells tap these underground water courses, which are 
tunneled through the soilat great expense. The levels are so carefully 
studied that land which is apparently, though not really, at a higher 
elevation than the supply well is furnished with water. 


SECONDARY CULTURES BETWEEN THE PALMS. 


One may look in vain for a cover crop in use in the date plantations. 
The use of leguminous plants to enrich the soil seems to be unknown, 
and although alfalfa (called ‘‘djet”’) is grown in diminutive patches to 
furnish food for the horses, the fellah, or Arab cultivator, is generally 
ignorant of its value for enriching the soil. Wheat and harley are 
often sown among the palms, but furnish an inferior product. (PI. IT, 
fig. 2, and Pl. IV, fig. 1.) The planting of grapevines has been most 
successful in Pearls, and the palm stems form quite as admirable sup- 
ports between which to train the vines as do the trunks of the mul- 
berry trees in the groves of Italy and the Tyrol. The light shade 
furnished by the trunks and crowns of the palms appears to be none 
too much to protect the vines from the excessive glare and heat of the 
sun, and most excellent table sorts of grapes are produced. Other 
fruit trees, such as figs, jujubes, and pomegranates, are also frequently 
seen about the houses, and thrive very well. Altogether, however, 
-there is a barrenness about these pa forests which reminds one of 
the Australian bush. 


TREATMENT OF THE SOIL AND PLANTING OF YOUNG PALMS. 


Though pure silt, like that of the Nile Valley, the soil on the Shat- 
el-Arab is manured to make it more productive and, whether rightly 
or wrongly, only cow manure is considered suitable, that from the 
horse stables being regarded as too heating. Such things as artificial 
fertilizers are quite too modern for Arabia, and the value of wood 
ashes and bone dust is scarcely appreciated. 

Just before a plantation is set out with suckers the soil is dug over 
by hand to a depth of 18 inches, and this digging is repeated every 
four years. Weeding is done when necessary and the surface of the 
ground occasionally stirred, but aside from this primary treatment the 
soil is given very little attention. 

In the matter of propagation the Arabs of Mesopotamia are more 
advanced than the Egyptians, for they have learned the practical 
advantage of employing small suckers. These are seldom over 6 feet 
long and generally with few roots. They are planted with the growing 
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bud 2 or 3 inches above the surface of the soil, and for the first month 
are watered every four days, and later at longer intervals, as the season 
may demand. 

There are thousands of seedlings called **degal,” but these form a 
small proportion of the plantations and are recognized as bearing infe- 
rior dates. The market demand is for special uniform qualities, and 
these seedling dates are excluded because of their variability. A curi- 
ous belief exists that date seeds, if immersed for a few seconds in 
water heated to nearly the boiling point before planting, will produce 
a much larger percentage of female trees than when planted in the 
ordinary way. 


POLLINATION. 


The dates were in flower in the middle of March at Mohammerah, 
and at Bahrein hundreds of female blossoms which had been already 
tied up with the sprig of male inflorescence inside were seen. Instead 
of tying about the female inflorescence a thin strip of palm leaf, as is 
done in Egypt and Algiers, the upper part was wrapped with a piece 
of the brown fibrous material which grows between the leaf and the 
trunk of the date palm. <A single male tree yields suflicient pollen to 
fertilize the flowers of one hundred female trees, but there are espe- 
cially productive male varieties whose pollen is more abundant, power- 
ful, and has better keeping qualities than others. The names of three 
of these, as given by Mr. Raphael Sayegh, of Bassorah, to whom the 
writer is indebted for some valuable information, are: ‘*Gunnami” 
(S. P. 1. 8749%), ** Wardi,” and ‘*Semaismi.” Of these three, the first, 
**Gunnami,” is considered the best, and is the only one which the old 
veteran date grower and buyer, Hadji Abdulla Negem, of Abu Kassib, 
would recommend for planting. At Maskat, or the date valley of 
Semail, in the interior, a special variety of male is planted, but so far 
as could be learned it has no name except that of ‘* Fachl” (S. P. IL. 
8761“, which means ** male.” In the region back of Guadur, called 
Kej, the male variety in use is called ‘‘Gush” (S. P. I. 8763%. As 
young male plants of the best variety in each locality have been secured 
for introduction, it will be interesting to learn which sort will thrive 
best in America. 

Whether or not the method of pollination which has been in practice 
for perhaps six thousand years is really the most economical one may 
be doubted, and some more effective way will possibly be discovered 
in the New World, which has already made so many improvements in 
methods of agriculture. 


« The numbers in parentheses are those given by the Office of Seed and Plant Intro- 
duction and Distribution, U. 8S. Department of Agriculture, to the specimens sent to 
America. 
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DIFFERENT VARIETIES OF THE REGION. 


There are hundreds of varieties of dates in the Persian Gulf region, 
nearly every seedling being more or less different from its neighbor; 
but those which have been propagated by suckers and are more or less 
commonly known by the shippers number only about twenty or thirty. 
It would be foreign to the purpose of this paper to list all of these 
dates, although the time may come when it will be worth while to 
examine them all and to station an expert in the region during the 
fruiting season to search for superlative seedling sorts, or even with 
the hope of finding among the thousands of seedling trees a single one 
which bears a seedless fruit of fine quality. Seedless varieties which 
are not the result of imperfect fertilization are believed to exist. 
Mr. Sayegh showed the writer, in fact, on his own plantation, a single 
tree, unfortunately without suckers, which he says has regularly pro- 
duced, even when properly pollinated, seedless dates of fair quality, 
though ripening late in the season. 

The dates which are exported to the various Kuropean and American 
markets are not the most delicious varieties grown in Arabia and Per- 
sia, but simply good packing and shipping kinds. Different markets 
demand different varieties, and the principal market kinds for Europe 
and America are the ‘‘ Halawi,” ‘‘ Khadrawi,” and ‘*‘ Sayer” of Bas- 
sorah, the ‘‘Kursi” of Bagdad, and the ‘‘Fard” of Maskat. Indian 
and oriental markets call for quite different sorts from those known 
in America, generally of the dry and boiled class, and such kinds as 
the ‘*‘ Zehedi,” ‘* Brehm,” ‘*Chupchap,” and ‘*‘ Mubsli” are exported 
to Bombay and Singapore, while for general home consumption the 
**Zehedi,” of Bassorah and Bagdad, the ‘‘Gardiwahl” and ** Murda- 
sing,’ of Minab, and the *‘ Batna” kinds grown along the coast of that 
name on the Gulf of Oman, are the commonest. Aside from these 
dates, which are good shippers, there are a large number of kinds 
which are highly prized for eating fresh from the tree—‘*rattab” as 
they are called in Arabic. The best of these are likely to prove of 
special interest to the date growers of America, where easy access to 
large cities will make the creation of a market for fresh table dates a 
possibility. Unfortunately, the notes secured on the comparative excel- 
lence of these different rattab varieties had to be taken second hand, 
as the visit of the writer to the Persian Gulf was made in March and the 
dates in this locality ripen from June to October. There are, further, 
no Kuropeans in the region whose interest in these fresh varieties has 
prompted them to make a study of their qualities. In the spelling of 
the different names, even, much variation exists, as it is often difficult 
to find the equivalent letter for an Arabic sound and all words are 
spelled phonetically. There is considerable variation in the Arabic 
pronunciation as well. The continental value of the vowels has been 
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taken in spelling the names in the list given below and the numbers 
which correspond with detailed descriptions that have been made out_ 
for the records of the Office of Seed and Plant Introduction and Dis-— 
tribution and which accompany young plants or seeds of the various 
sorts that have been sent to the United States Department of Agri- 
culture or to the trial wardens in Arizona have been put opposite the 
names. The dried dates of some varieties have been secured to assist 
in the meager descriptions. 


BAGDAD VARIETIES. 


Kustawi. (S. P. 1. 8738%. A medium to large, oblong, soft, sticky 
date, ripening in August, with stone of small size and little or no fiber 
or “rag.” Skin a light golden brown, very delicate in texture and 
adhering to the soft golden flesh, which is of exquisitely rich, sweet 
date flavor. Too delicate for packing in the usual way, though keep- 
ing well until April. Said to be fairly productive, but a delicate tree, 
suited to adobe soils with an admixture of sand, and will withstand a 
temperature of 17° F., or possibly lower. 

Ascherasi. (S. P. I. 8739.) A medium-sized, ovate, semidry date, 
ripening in September, generally not sticky, but easily handled with- 
out soiling the fingers. Stone small in comparison with the flesh. 
Some fiber, but not an objectionable amount. Skin of stem end dry, 
straw colored, but at tip translucent and of amber hue; of medium 
thickness and closely attached to the rather hard but sugary, sweet 
flesh, which is of excellent flavor. As seen in March in Bagdad, these 
dates are not packed in mat bags or boxes, but are sold in dry shape. 
Grown in adobe soil, and reported to be a vigorous sort, hardy at 
17° F., or even lower, and in special favor among both Christians and 
Mussulmans, the former of whom, however, prefer it to all other sorts 
to eat with English walnuts. 

Bedrathe. (S. P. 1. 8740.) A small, ovate to oblong, dry date, ripen- 
ing late in September. Not at all sticky, with good-sized stone, and 
more or less fiber about it. Skin straw color, with occasional trans- 
lucent amber-colored spots near the tip; of parchment texture and 
sticking closely to the dry flesh, which is full of sugar. Not packed, 
but allowed to dry on the tree, though when fresh of soft consistency 
like ordinary sorts. Eaten as commonly by Bagdadians as any sort of 
date; easy of cultivation and capable of w ithatanding au winter tem- 
perature of 17° F., and possibly lower. Grown in adobe soil by 
irrigation. | 

Maktum. (S. P. Il. 8741.) According to the description given the 
WIHter, a superior sort of thie » Kustewi,” but resembling it closely, 


a The numbers in ipeersdienice refer to the records of the Office of Seed and Plant 
Introduction and Distribution, U. 8. Department of Agriculture. 
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being a soft, sticky date, with small stone, no fiber, and a beautiful 
golden-brown skin which adheres closely to the golden, brownish- 
yellow flesh. The sort ripens probably about the same time as the 
* Kustawi,” i. e., in August, and is doubtless a delicate variety to culti- 
vate. This date is considered by the Arab sheik Abdul Kader 
Kedery, of Bagdad, one of the best two sorts in Arabia. 

Burnt. (Ss. P. 1. 8742.) A small, short, oblong date, ripening in 
July or August in Maskat. When fresh, highly appreciated as a 
table date, but generally boiled to form the ‘* Karak pokhta” before 
fully ripe. Formerly shipped to America from Maskat. It is thought 
that this variety is of Maskat origin, for it is little known in Bagdad. 
It will probably prove more susceptible to cold than other sorts from 
Bagdad. Grown in adobe soils. 

Zehedi. (S. P. I. 8748.) A small, oblong, dry date, ripening in 
September to October. Stone of medium size and surrounded with 
considerable fiber. Skin straw colored and tough, sticking closely to 
the dry but sweet, mealy flesh of fair flavor. Sometimes packed in 
bags or cases and called *‘ Kursi,” but generally allowed to dry on 
the tree. This is said to be the hardiest, most resistant to drought 
and alkali, and one of the most productive palms in the region. 
Although considerably inferior to the ‘* Bedraihe,” it nevertheless 
develops so quickly and yields so heavily that it is very commonly 
planted. Often sold fresh attached to the clusters as ‘*Zehedi gus.” 
In the form called ‘* Kursi” it is of a golden-yellow color, but much 
inferior in flavor to ‘‘ Kustawi” or ** Khadrawi.” One of the commonest 
dates in Bagdad. 

Barban. (S. P. I. 8744.) A date ripening at Bagdad, according 
to information given by a grower, in July, and of only mediocre 
quality. Very dark in color and not very sweet. Rarely cultivated 
in the region and not well thought of generally. Valuable principally 
for its early ripening habit and probable resistance to cold. 

Sukeri. (S. P. I. 8745.) A very large date, 2 inches or more in 
length, and, when fresh, of excellent quality. Rarely cultivated and 
the writer could not learn much about it, except that it is not a good 
variety for shipment. 

Taberzal. (8S. P. I. 8794.) From dry specimens sent in, the writer 
was unable to obtain a good idea of this date, but should describe it 
as a small, oblong, soft variety, which ripens late in September. It 
has a small stone, no fiber (or at least extremely little), and a dark, 
amber-colored skin, which separates readily in dry specimens from the 
dark-brown flesh. The latter is of a caramel consistency, but has a 
most delicious flavor, and the variety can be eaten without soiling 
the hands, as the skin is quite dry. When fresh, said to resemble very 
closely the ‘* Berhi,” of Bassorah, though when dry there is scarcely 
any resemblance. A rare date in Bagdad, but very highly thought of 
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there. This fruit was not seen on the market and only seeds were 
obtainable during the writer’s short stay, but suckers may possibly be 
obtained through correspondence with the United States vice-consul, 
Mr. Rudolph Hiirner, of Bagdad. 

Mirhage. A variety reported to be grown in Mandalay, some three 
days’ journey from Bagdad. Sheik Abdul Kader Kedery, of Bagdad, 
said it was the finest date he knew, resembling the ** Maktum,” but of 
even finer quality. It was not obtainable during the writer’s stay, 
but may possibly be had by correspondence with the United States 
vice-consul in Bagdad. 


BASSORAIHL VARIETIES. 


Berhi. (S. P. 1. 8746.) Considered by many as the best soft date 
in the region. Of medium size, not so sticky as the ordinary dates, 
with small stone, no fiber, skin of amber to golden brown, of thin but 
firm texture, tightly attached to the soft, luscious, rich-flavored, brown 
flesh. The most productive of all sorts in the Bassorah region, accord- 
ing to Hadji Abdulla Nigem. Up to the present time not exported, 
but sure to form one of the highest-priced export dates to America 
because of its dry skin and exceptional lusciousness. An easy variety 
to cultivate, but requiring an abundance of water. Grown in a stiff 
adobe soil. 

Tlevezi. (S. P. 1. 8747.) A date resembling the standard market 
sorts like ** Halawi,” but of a much more delicious flavor. Samples 
sent to New York were pronounced by date buyers the finest dates 
they had ever tasted. Color light, size medium, ripening in Septem- 
ber in Bassorah. <A little-known sort from Abu Kassib, the Bassorah 
date center. 

Sayer (or Ustaamran). (S. P. 1. 8748.) A soft date of medium size 
and dark color, with medium-sized stone and a small amount of fiber. 
One of the sorts at one time exported to New York; now superseded 
by others. Said to do best on a light, sandy soil and to require less 
water than the ordinary varieties. 

Halawi, (S. P.1. 8750.) There are probably as many bearing trees 
of this one sort in Mesopotamia as of any other, as it is the great 
shipping date and the favorite on American and London markets. It 
is a medium-sized, soft date, of sticky consistency, and ripens in Sep- 
tember. The stone is medium to small; there is little fiber present, 
and the light-brown skin of delicate texture sticks closely to the flesh, 
which is abundant and of a deep-brown color, golden toward the stone. 
It possesses a strong date flavor and is of unusual sweetness. It is one 
of the best packing dates, as it keeps well and can be sent all over the 
world. A fairly productive sort, but confined in its culture to an 
adobe soil with plenty of water. It is not grown outside of the Bas- | 
sorah region, it is said. 
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Khadrawi. (S. P. I. 8751.) A longer-shaped, darker-colored, 
softer date than the ** Halawi,” but ranking second among the export 
varieties and maturing in September. It is not of so rich a flavor as 
the Halawi, which it resembles in other respects, but may prove more 
adaptable to the conditions in Arizona and California. 


HASSA VARIETIES. 


~ 


The few hours spent in Bahrein, in the pearl islands, which lie 55 
miles or so from Hassa, made it expedient for the writer to confine bis 
attention to securing a single superlative variety, for which an arrange- 
ment was made through the kindness of the British Consul, Mr. Gas- 
kin. There are doubtless inferior dates in Hassa. 

Khalasa (or Khalas?). (S. P. I. 8753.) A medium-sized, ovate, 
sticky date, with small stone and no fiber, ripening as early as August 
in the region of Hassa. The skin is a golden brown and of most 
delicate texture, covering closely the rich golden flesh, which is of 
exquisite date flavor and with the consistency of a chocolate caramel. 
Said to be a delicate packer, and never exported except in the form of 
presents. It has the renown all over the Persian Gulf region of being 
the most delicious date in the world. Of its productiveness or hardiness 
little is known, but it is probable that a sandy will suit it better than 
an adobe soil, as it comes from the sandy region of Hassa, which is 
fed by underground water courses. This variety probably requires 
surface irrigation also. 


JASK VARIETIES. 


It was possible to learn only the names of the best dates grown in 
the interior behind Jask from the gardener of the Persian telegraph 
station at that place. They are called ‘*‘ Kharoo,” ‘‘Shakari,” ‘* Nim- 
kadami,” and ‘* Zarek,” and the ‘‘Shakari” is said to ripen some of 
its fruits in May(?). The former director of the telegraph station, 
Mr. G. W. Mongavin, stated that at Bashkhara, five to six days’ camel 
ride into the interior, some very superior dates are grown, but he 
could not give their names. 


BUNDER ABBAS VARIETIES. 


Minab is the date region of which Bunder Abbas is the nearest port, 
and according to the ‘* dabach,” or ship’s chandler, who has lived in the 
region, the best-known sorts are the ‘* Halawi,” ‘* Gardiwahl,” ‘* Mur- 
dasing,” and ‘‘Fard.” The most superior of these is said to be the 
** Murdasing.” 


MASKAT VARIETIES. 


tard. (8. P.1. 8754.) One of the commonest dates in the American 
markets. More than 1,000 tons are said to be exported from Maskat 
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every year, coming from the Semail Valley, 50 miles in the interior, 
A medium-sized date, longer and narrower than the ** Halawi” or 
** Khadrawi,” and belonging to the soft, sticky type. Stone medium 
large, with little fiber about it. The skin is of firm texture and dark 
brown in color, fitting closely to the deep amber-colored flesh, which 
is of a strong, rich, date flavor, but not of quite such fine texture as the 
**Halawi” or ** Berhi.” As a packing date it is the best in the region, 
although maturing late in the season for Maskat, i. e., in August. It 
is adapted to the hottest regions of America and probably to a sandier 
soil than that suited to the ‘* Halawi.” 

Burni. (S. P. 1. 8755.) See ‘* Burni” of Bagdad (S. P. I. 8742) for 
the description of a date which the writer believes to be the same as 
this Maskat ** Burni.” 

Nagal. (S. P. 1. 8756.) A small, soft, sticky date, ripening before 
any other sort in Maskat—as early as June—and eaten exclusively as 
rattab or in fresh condition. It has a light-colored skin, and its flesh 
is inferior in flavor to ‘‘ Fard,” but it is keenly appreciated by Euro- 
peans as well as Arabs, because the first fresh date brought to the mar- 
ket. Of particular interest to American date growers, on account of 
its earliness, which may enable it to ripen good fruit farther north 
than the other sorts. Secured through the kindness of United States 
Vice-Consul Mackirdy at Maskat. 

Mubsali. (S. P. 1. 8757.) A long, narrow, unusually large variety, 
cultivated for boiling purposes. Stone large and with some little 
fiber about it. Prepared for market by boiling the still unripe fruits 
for an hour in water to which a large handful of salt per gallon has 
been added, and drying in the sun. After this preparation the flesh 
is hard and tastes like candy, but it is generally slightly astringent, 
particularly if improperly prepared. ‘There is a large demand in India 
for this date, where it is used at wedding and other feasts, and big 
prices are paid for it, making it, it is said, the most profitable date 
grown about Maskat. 

Kthanezi. (S. P. 1. 8758.) An almost globular date of the soft, 
sticky type, consumed locally in Maskat as rattab, ripening in July, 
and considered one of the best of the early dates. Not a packing sort, 
and keeping only a short time. From the valley of Semail, 50 miles 
in the interior. 

Khassab. (5S. P. 1. 8759.) A soft, sticky date of red color, some- 
what shorter than the ‘* Fard” and ripening in August. Not shipped, 
but eaten fresh or soon after ripening. One of the heaviest yielders 
in the region, a single tree bearing, according to rough estimates, as— 
much as 450 pounds. From the Semail Valley, and suited to culture - 
in the hottest regions of the United States. j 

[ledlali. (8. P. I. 8760.) A round date of the shape of an English — 
walnut, but smaller, with light-yellow skin, borne in exceptionally 
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large bunches. A rare sort even in Maskat, consumed locally as rattab 
and considered by the inhabitants as of excellent quality. 


GUADUR VARIETIES, 


It was impossible to secure much information regarding the region 
inland from Guadur. The port is that from which Pangh Ghur and 
Kej are reached by caravan; the former is thirteen days’, the latter 
only six days’ journey. Through the kindness of Lieuts. W. H. 
Maxwell and W. O. Grant, of the First Baluchistan Light Infantry, 
stationed at Kurrachee, a native Baluchistan servant was sent as far as 
Kej and secured from Rostom Khan, younger brother of the Nazim, 
or native ruler of the province, a collection of young plants of the 
best varieties grown there. These were brought down to Guadur, 
accompanied with labels bearing the name only, and comprising twenty- 
four varieties, among which was the famous ‘* Mozaty.” The fruit of 
this sort is sent to Kurrachee sometimes as a delicacy, and is packed in 
small earthen jars preserved in the sirup of inferior dates. As eaten in 
Kurrachee in February they impressed the writer as the richest-flavored 
dates he had ever tasted. The following list is made up from the labels 
found on the palms, though there may have been some confusion of 
the names previous to the time of delivery of the plants: 


Mozaty (or Mozati). (8S. P. I. 8762.) | Chupshook (or Trupshook). (S. P. I. 
Gush, a male variety. (8S. P. I. 8763.) 8775. ) 

Apdandon. (S. P. I. 8764.) Korroo: (8. P.T. 8776.) 

Soont Gora. (S. P. I. 8765.) hogan: (8. P. 1:-8777. ) 

Hashna. (S. P. I. 8766.) Chunpan:t <( 8. Ps :.8778. ) 

Gonzelli. (S. P. I. 8767.) Khariasss\e.. 1. 8779. ) 

Jalghi (or Jalka). (S. P. I. 8768.) Ponda, a(s. P-1. 8780. ) 


Bagum Jurghi(or Junghi). (8. P. 1.8769.) | Subzoo. (S. P. I. 8781.) 
Shukkeri. (S. P. I. 8770.) | Gond Gorbug. (S. P. I. 8782.) 


Koroch. (S. P. I. 8771.) | Washclont (or Washclunt). (S. P. I. 
Mallani, (S. P. I. 8772.) 8783. ) 

Shapego. (S. P. I. 8773.) Kalara (or Kularu). (S. P. I. 8784.) 
Dishtari. (S. P. I. 8774.) Hurshut (or Hurshud). (8. P. I. 8785. ) 


DISEASES AND PESTS. 


Altogether, the palms of the Persian Gulf region are most remark- 
ably healthy. So far as could be learned they suffer from no serious 
disease, and none of the shippers or growers could name a single malady 
which had at any time done much damage to their estates. On a few 
palms at Bassorah several leaves were observed that were attacked by a 
small ash-colored scale insect (Parlatoria planchard/ Tar. Tozz.), which 
is common in other parts of the world; but even this was doing little 
damage. In comparison with the palms of Egypt and Algeria they 
were most strikingly clean and healthy looking. The dry dates are 
often attacked in the storehouses by an insect (which the writer was 


28 PERSIAN GULF DATES. 


unable to see) which leaves an excrement in the cavity near the stone, 
but the soft varieties in this region were remarkably free from insects 
of any kind, 

One might imagine that there would be during the date season a 
host of birds and small animals which would feast on the ripening 
dates, but curiously enough the growers were not able to name a sin- 
gle troublesome pest of this character. Even the date bird is not 
believed to live on the dates; at any rate does no serious damage. 

The principal enemy of the date in Mesopotamia is the ** shamal,” a 
wind blowing across the desert laden with hot sand. If this occurs 
before the dates have sufliciently matured it dries them up and covers 
them with dust, checking their development and soiling them so that 
they are refused by the European and American importers. Last sea- 
son’s crop (1900) at Bassorah was seriously injured in this way, and the 
writer was told that the export was reduced from nearly 2,000,000 to 
about 1,000,000 cases. 


COST AND PROFITS OF DATE CULTURE. 


Twenty years ago in Mesopotamia handsome profits were made by 
Europeans in the date packing and shipping business, but of recent 
years the native-born Jews have learned how to pack, and have seri- 
ously reduced the gains to be made in date exporting. The repre- 
sentative of one of the largest concerns at Bassorah informed the 
writer that last year some of the packers actually carried on business 
at a loss in order to keep their brands on the market, and that very 
small profits were made by any of the firms. This was owing to the 
poor crop and a glutted home market, with many cases left over from 
the preceding year. 

With the date grower, matters are somewhat different. His expenses 
for the maintenance of the garden are small and the cost of market- 
ing the product slight, so that he realizes, according to a conservative 
estimate given by the manager of one of the large firms in Bassorah, 
on an average about 5 to 6 per cent profit. In an especially good 
year his profits might reach 10 per cent, but would hardly surpass this 
figure. Itis next to impossible to find out how well date culture pays 
in this region, for the Arabs do not keep careful books of their 
expenses. From a reliable source, however, it was ascertained that 
one large proprietor netted last year—which was, however, an excep- 
tionally bad season—less than 2 per cent on the estimated value of the 
estate. So it is evident that the profits of date growing on the Shat- 
el-Arab are no more sure than those of any other agricultural business. | 

The mudir, or business manager, of the Sultan’s large estates at 
Amara remarked that the Turkish Government levies a tax of 2 piasters 
(about 8 cents) per year on every palm in Bagdad, 14 piasters in Amara, 
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and from 15 to 180 piasters per hundred palms in Bassorah, according 
to the location and bearing condition of the trees. This does not, how- 
ever, in any sense represent the full amount of taxation to which a 
date planter is subjected, for there are many ways by which the rate 
of 10 to 15 per cent—which is commonly spoken of as prevailing —is 
made up. The methods of its collection and the hindrances to quick 
transactions form no inconsiderable part of the heavy yoke which is 
imposed upon the Arab landowner in his own land. The large land- 
owner suffers less proportionately than the small one, for he can pre- 
vent the overappraisement to which the assessors subject the poor and 
ignorant peasant. 


PACKING AND SHIPMENT OF DATES. 


Dates are no doubt one of the stickiest, most difficult fruits in the 
world to keep clean, and the Persian Gulf varieties are perhaps par- 
ticularly hard to pack in an attractive shape; but nevertheless the 
stories which one hears in the region of the conditions in the packing 
sheds and the personal uncleanliness of the men, women, and children 
who put up the dates are enough to disgust a sensitive person and 
to prevent his ever eating packed dates again without having them 
washed. No old inhabitant thinks of eating a date without first thor- 
oughly washing it in a glass of water, unless the cook has prepared it 
beforehand, and the sale of dates In America might fall off decidedly 
were it generally known how intimately the unwashed hands, bodies, 
and teeth of the notably filthy Arabs often come in contact with the 
dates which are sold by every confectioner. Shippers claim they have 
tried better methods of packing but found that they did not pay, for 
the Persian Gulf date is expected to be obtainable for about 5 cents a 
pound. From the small pound boxes which were used last year it 
would seem that the packers have not yet learned the art of making 
them as attractive as the Algerian dates, which fetch as high as 40 
cents for a box of lessthana pound. It is probably true that the com- 
mon varieties in this region are too full of sirup to pack well in the 
way that such a sort as the ** Deglet Noor,” of Algeria, is put up, but it 
is almost certain that varieties can be found which could be treated in 
a similar manner and could compete with this superlative sort of North 
Africa. The length of time which the fruit is allowed to hang on the 
tree has presumably something to do with the stickiness of the skin, 
for there are in Arabia dates of good quality with dry skins, which, 
when packed in the ordinary way, are indistinguishable from the 
ordinary sticky kinds. Under present conditions there is little pros- 
pect of any radical change being made in the old methods of packing. 

Scarcely any of the packing firms own date plantations, but obtain 
their dates from the Arab landowners through trusted Arab buyers. 
Some of these buyers, who have been in the business for many years, are 
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intrusted with £10,000 to £20,000 in cash at a time, with which they 
purchase the tons of dates that are necessary to supply the packing 
sheds. As in most businesses of this kind, there are risks to be taken, 
for the packer must buy in August and sell in November, during 
which time the price may have fluctuated considerably. It requires 
good judgment to decide how much to pay in August for November 
delivery. The New York shipments to be most profitable must be in 
before Thanksgiving Day, and when this comes unusually early in the 
month the packers have their hands full to get their shipments through 
in time. Last season two steamer loads went direct from Bassorah to 
New York, and though, owing to the bad crop and glutted market, 
this venture did not prove a great success, the experiment will probably 
be made again the coming year. 


THE DATE AS A FOOD. 


The doctors seem agreed that sweet things in excess are injurious to 
the digestion, and the dentists claim that sugar ferments between the 
teeth, forming lactic acid which attacks the dentine; but for all this, it 
is doubtful if there can be found a sounder, stronger race, with better 
digestion and finer, whiter teeth than the date-eating Arabs. The 
town Arabs and the Arabs of the seacoast eat quantities of dried fish 
and other sea animals, but the denizens of the Arabian desert live almost 
exclusively upon dates and bread, with occasional feasts of sheep, 
goat, or chicken. Travelers across those deserts report that 3 pounds 
of dates and a few thin loaves of hard wheat bread per day will keep 
an Arab in good health for years. The quantity of these packed dates 
that a healthy Arab can consume at a sitting is astonishing. .Two 
pounds would not be much more than an ordinary meal. The remark- 
able physique of the Arabs and their resistance to the almost unbear- 
able heat of their country might be attributed, in part at least, to the 
nature of their simple food. At any rate, a thorough investigation of 
the food value of the date and its adaptability to the formation of 
foods for our hot summer season should be made, and possibly this 
wonderful vegetable product, which is now used in America only as a 
second-class confection, might be utilized as a basis of a nutritious new 
food. Such investigations will never be made in that part of the world 
where the dates are grown, but must be undertaken by some country 
like America which is interested in increasing the number of its food 
products. 
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DESCRIPTION OF PLATES. 


Pare I. (Frontispiece.) Fig. 1.—The old canal of Bassorah, which leads from the 
Shat-el-Arab River up to the town of Bassorah through plantations of date 
palms. Fig. 2.—A new plantation of dates at Bassorah, showing how closely to 
one another the irrigation ditches are run. Barley is grown on these areas in 
which the young palms have just been set. Fig. 3.—The border of the area at 
Bassorah which is watered by tidal irrigation. Patches of alfalfa grow on the 
newly irrigated areas. 


Piare Il. Fig. 1.—An old date garden at Bagdad, the property of Sheik Abdul Kader 
Kedery, one of the richest date planters in the region. Fig. 2.—Irrigation ditches 
of a new plantation at Bassorah, showing the frequency of the canals, the nature 
of the soil, and in the background the primitive habitations of the date peasants. 
Fig. 3.—Typical village and date palms on the old Bassorah canal; in the fore- 
ground, the oriental gondola or ‘‘bellem,’’ which is the principal vehicle of 
Bassorah. 


Piare III. Fig. 1.—A bag of Maskat dates, showing old method of packing for export. 
Fig. 2.—Typical date plantation at Abu Kassib, the most famous date center of 
Bassorah, belonging to Hadji Abdulla Nigem, the most noted date merchant of 
the region. Fig. 3.—Bassorah date peasant with his spade, the principal hand 
tool used in the date plantations of this region. 


Piatre IV. Fig. 1.—Panorama, from Mr. Marine’s house, of a new date area on the 
Shat-el-Arab River above Bassorah. The patchesare planted with barley. Fig. 
2.—Irrigation machines at work near Bagdad. In the foreground the ordinary 
primitive machine called a chird; in the background a more modern invention, 
resembling a chain and bucket pump, operated by horsepower. Fig. 3.—Intake 
of irrigation canal on the Tigris above Bassorah, showing how low the banks 
are and that no lifting of the water is necessary on this part of the river in 
order to fill the irrigating ditches. A Turkish guardhouse is seen on the left. 
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PLATE Il. 


Bul. 54, Bureau of Plant Industry, U. S. Dept. of Agriculture. 


Fic. 1.—OLD DATE GARDEN AT BAGDAD. 


Fia. 2.—IRRIGATION DITCHES IN NEW 
PLANTATION. BASSORAH. 


. 3.—VILLAGE AND DATE PALMS ON THE 
OLD BASSORAH CANAL. 
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PLATE III. 


Bul. 54, Bureau of Plant Industry, U. S, Dept. of Agriculture, PLATE IV. 


FiG. 2.—IRRIGATION MACHINES ON THE TIGRIS, NEAR BAGDAD. 


Fia. 3.—INTAKE OF IRRIGATION CANAL ABOVE BASSORAH. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
Bureau OF PuAnt INpDusTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., December 7, 1903. 
Str: I have the honor to transmit herewith the manuscript of a 
technical paper on ‘** The Dry Rot of Potatoes Due to Fusarium Oxy- 
sporum,” by Erwin F. Smith, Pathologist, and Deane B. Swingle, 
Assistant in Pathology, Laboratory of Plant Pathology, Vegetable 
Pathological and Physiological Investigations, and recommend its 
publication as Bulletin No. 55 of the series of this Bureau. 
Respectfully, 
B. T. GaLLoway, 
Chief of Bureau. 
Hon. JAMEs WILSON, 
Secretary of Agriculture. 
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Studies on the widely prevalent dry rot of the potato have been 
‘arried on in the Laboratory of Plant Pathology in this Department 
for some years. It is now believed that the cause has been discov- 
ered, together with a method of storing diseased tubers which will 
reduce the winter loss to a minimum. 

The results of the field experiments showed that the use of ordinary 
fertilizers, while favoring the growth of the potato, did not tend to 
make the plants resistant to the disease. It was observed, however, 
that some hills were more resistant to the disease than others, and it 
is believed that by the continued selection of resistant plants in badly 
diseased fields a hardy strain of potatoes can be obtained, and an 
effort will be made to do this. The bulletin also points out the fact 
that many fields are already permanently seeded down to the organ- 
ism which causes this disease, and methods are suggested for avoid- 
ing the extension of the disease to uninfected fields. 

A number of interesting points in the life history of the fungus 
have also been worked out. Whether this disease is identical with 
the ‘‘sleepy disease” of tomatoes, as the writers think probable, 
remains to be determined by cross inoculations. 

ALBERT F. Woops, 
Pathologist and Physiologist. 
OFFICE OF VEGETABLE PATHOLOGICAL AND 
PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D. C., December 5, 1903. 
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THE DRY hOT OF POTATOES DUE TO 
FUSARIUM OXYSPORUM. 


INTRODUCTION. 


Dry rot of the potato has long been known both in this country 
and abroad, but the real cause of the trouble was little understood 
until recent years, the first work of importance having been done in 
Germany. 

Undoubtedly a number of diseases due to very different causes have 
been included under this name in different sections of this country, 
but there is no doubt that the disease here described has been for 
many years one of the chief causes of dry rot. Potato troubles char- 
acterized by browning of the flesh have been recorded by numerous 
workers, but the descriptions have been for the most part so incom- 
plete that it is in nearly all cases quite impossible to say whether the 
diseases described were identical with this or not. 

In Illinois, Clinton observed ‘‘ bundle blackening” and ‘‘dry end- 
rot,” but does not appear to have found these diseases serious or to 
have connected either of them with conditions originating in the field. 
Of the first, he says: 

This is a fungous Goatle of stored potatoes. * * * The fungus gains entrance 
probably after the potatoes are gathered, through the dead stem, and proceeds from 
this through the bundles, causing them to turn black as a result of the attack. While 
not a very serious malady, it is objectionable, as it opens the way for other fungi and 
bacteria so that often tissue in the neighborhood of the affected bundles becomes 
diseased and a general rotting is started. It may also cause a slight waste and some 
trouble in cleaning potatoes for use. The fungus is quite similar to the one causing 
the following trouble [dry end-rot]. 


Of the latter, he says: ‘*‘ As in the preceding case, the trouble begins 
at the stem end, the fungus gaining entrance after the rupture of the 
tuber from the plant.” This disease is correctly ascribed to /usarium 
solani, and storage of the tubers in a dry, cool place is recommended. 

Stewart, under the title ‘‘ Another stem-blight of potatoes,” has very 
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briefly described a disease that is also probably the same, although in 
a second bulletin he makes the following statements: “ 

The potato stem-blight herein discussed is the one discribed by the writer in 
Bulletin No, 101 of this station, pages 83-84. The symptoms of the disease, as there 
given, areas follows: ‘First, there isa cessation of growth. The topmost leaves take 
on a yellowish, or, in some cases, a purple color, and roll inward from the edges 
upward, exposing the under surfaces. This condition is followed by wilting and 
complete drying up of the entire foliage, the process taking from one to three weeks. 
The tubers appear to be sound, but, when cut at the stem end, blackened fibers are 
seen penetrating the flesh to a considerable distance, materially injuring it for 
cooking purposes. No rot develops in the tubers. The stem just beneath the 
surface of the soil first shows discolored spots and later becomes dry and shriveled.” 

This disease has continued to be destructive in 1896 and 1897, but the cause of it is 
still unknown. Formerly a species of Oospora was suspected. of’ having some con- 
nection with it, but it is now very doubtful if any organism is responsible for the 
trouble. The portion of the stem which is below ground is quite evidently the seat 
of the disease, but no fungus hyphee can be found in the tissues of this part of the 
plant in the early stages of the disease; neither are bacteria abundant, and the 
few which are found in the tissues may easily have gained entrance after the death 
of the stem. Numerous petri dish cultures of tissue from the interior of diseased 
stems were made with varying results. 

The best work has been done in Germany. Wehmer has given a 
very interesting account of inoculation experiments with a /usariwn 
called /. soland. He found that this /wsarvwn may enter through a 
fresh wound if either spores or pieces of potato affected with the same 
disease be placed on the raw surface; also that in some cases contact 
rot may take place through the unbroken skin if a mass of the actively 
growing mycelium be placed on it. He entirely misses, however, the 
very important fact that normally in the field the fungus enters the 
tuber through the underground stem. Indeed, all of his experiments 
appear to have been made on tubers in the laboratory. After the 
fungus has entered, Wehmer finds that it destroys the tubers without 
the aid of bacteria, and that keeping them in dry air does not seriously 
retard its action. Wehmer was the first to clearly demonstrate the 
infectious nature of this fungus. “Sorauer observed this disease or a 
similar one in the field, and believed Fusarium to be the cause, but 
did not demonstrate it. De Bary and others considered the fungus 
as purely saprophytic. 

Fusarium on decaying potato tubers has been a familiar sight to the 
senior writer ever since he began to be interested in plant pathology, | 
but until recently always associated with other fungi or with bacteria. 
Dry rot of potatoes as a distinct disease caused by Fusaréwm first came 
to his notice in October, 1899, when two barrels of tubers were 
received by him from Hubbardston, Mich. They were a very fine 
lot and apparently sound when received, the disease not having pro- 
gressed to a noticeable extent at that time. They were stored in 
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barrels in a warm, dry cellar, where there was plenty of light. “Two 
months later (December 10) they were examined. <A very few were 
entirely shriveled and dry, and specked on the surface with tufts of 
white fungus. Very many more were partly affected, the diseased 
portion in all cases except five or six being at the basal end. Only 
three of the entire lot showed soft bacterial rot. All the diseased 
tubers except these three showed a blackening in the vascular ring and 
other characters described later in this paper. The potatoes were of 
two varieties—Carman, and another that was not determined but 
which was neither Early Rose nor Burbank. They were grown from 
tubers obtained somewhere in the East. Both varieties were affected 
with the disease. Other potatoes of these two varieties grown in the 
same field, but stored in a cool, damp cellar in Michigan, were not seri- 
ously injured by the disease. Examined in midwinter it was with 
difficulty that any cases could be found. In almost every instance the 
black stain remained confined to a very small region around the stem, 
and did not materially lessen the value of the potatoes. Inquiries of the 
housewife also showed that disagreeable black places, so common in 
the badly affected tubers, had not been found in the cooked tubers. 

Most of the potatoes in which this disease was studied were raised 
on the Potomac Flats, Washington, D. C., in the summer of 1902. 
Three varieties were planted—Burbank, Early Rose, and an unknown 
variety, designated for convenience, owing to certain characters, as 
‘* Brown.” They were planted April 16, 1902, in rows both ways, in 
24 large plots and 6 smaller ones, the larger plots having 5 rows of 
20 hills each and the smaller ones 5 rows of 5 hills each. The hills 
were 3 feet apart each way and the distance between the plots was 
4+ feet. The land used was a rich sandy loam (dredged river mud) 
that had been planted to watermelons the year before. It was nearly 
level, having only a very gradual slope to the southeast. There was a 
plantation road on two sides of the patch. 

The following fertilizers were used: Freshly slaked lime, dissolved 
boneblack (16 to 18 per cent phosphoric acid), nitrate of soda, muriate 
of potash, and sulphate of potash. Exclusive of the ‘* Browns,” four 
large plots were devoted to each fertilizer, two receiving heavy doses 
and two moderate doses. Burbanks were planted on one of the heavily 
treated plots, and Early Rose on the other. The same varieties were 
planted on the lightly treated plots. Of those fertilized with lime, 
two plots received 25 grams and two 75 grams to the hill. Of the 
other fertilizers the amounts used were 8 grams and 16 grams to the 
hill for these two varieties. For the ‘‘ Browns,” which were in the 
smaller plots, only one amount of each fertilizer (the larger) was used. 

_ There were two check plots containing no fertilizer for the Burbanks, 
_ two for the Early Rose, and one for the ‘‘ Browns.” The fertilizer 
was dropped in the furrow and mixed well with earth, and on this the 
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potato was dropped and covered witha hoe. In the case of the Bur- 
banks and Karly Rose only very clean, healthy-looking tubers were 
planted, and all but the smallest of these were cut longitudinally into 
two or four pieces, depending on the size. The ‘* Browns” were affected 
with the ** brown specking” described later, and were all cut in two. 

Very marked differences were shown in the size, vigor, color, and 
habits of growth of the vines in the different plots, but that is a matter 
that need not be discussed here, the experiment being planned for quite 
a different purpose, viz, to check up Laurent’s work on bacterial soft 
rot of the potato. | 

During the course of the season many of the shoots in all the larger 
plots were inoculated near the top by hypodermic injection with 
Bacillus coli and various other bacteria, but most of these inocula- 
tions (all of &. col7) had no more effect than would be caused by 
injecting the same quantity of water, and seldom was there any more 
serious result than a blackening of one side of the stem for a few 
centimeters below the wound. ‘These inoculations can not be consid- 
ered, therefore, as having had any influence on the progress of the 
Fusarium disease. 

The disease began to show its effect on the foliage of a few hills 
about July 1, and by the middle of July it was quite noticeable on 
many of the plants. It did not seem to spread from centers of infec- 
tion, but very frequently hills would be attacked that were entirely 
surrounded by healthy plants. There was little evidence that the 
disease spread from plant to plant through the soil. More and more 
plants continued to be attacked by the disease until the vines and 
tubers had completed their growth. From the fact that at the time 
the potatoes were harvested a very large per cent of them was 
affected, at least slightly, it would seem that the entire soil must have 
been infested with the fungus. There was very little soft bacterial 
rot and only a moderate amount of potato scab. 

All of the ‘‘ Browns” in the smaller plots were saved and about one 
and one-half bushels from each of the larger plots of Burbanks and 
Early Rose. They were put in canvas grain bags and stored in one 
pile in a rather warm, dry basement. There were 30 bags in all. 
The pile was made by laying one tier down on their sides and laying 
other tiers on top, and when complete was about twice as long as 
high. One end of each bag was against a board partition and the 
other exposed to the air. On top of the pile a few bags of cotton bolls 
were placed. This kept all the bags under about the same conditions 
of moisture. The bags being closely woven, the atmosphere between 
the tubers inside was very humid. 

The potatoes were cut up and examined late in February and notes 
made on each individual tuber. The results of this examination wi 
be given later in this paper. 
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EFFEOT OF DISEASE. 13 
EFFECT OF THE DISEASE ON THE PLANTS. 


The disease ordinarily enters the plant through the roots and slowly 
spreads until the whole root system, a few centimeters of the lower 
part of the stem, the underground stems bearing the tubers, and the 
tubers themselves are invaded by the fungus. 

The disease first becomes noticeable when the plants are about a 
foot high. The first indication to the casual observer that the plants 
are affected is a change in the appearance of the leaves. These assume 
a somewhat lighter green color than those of healthy plants, though 
they do not for a considerable time become decidedly yellow or brown. 
Along with this change in color the leaves lose to some extent their 
bright glistening appearance and look duller, and early begin to curl 
and roll up (Pls. Land II). Those that have not reached their full 
erowth when the plant is attacked are somewhat dwarfed in size. 
The effect on the leaves does not, however, seem to be sufficient to 
stop or very seriously impair their work, and there is every evidence 
that in the first stages of the disease photosynthesis and respiration go 
on in a normal manner. 

The stems above the ground do not show any evidence of being 
affected in the early stages of the disease. The color is normal, and 
there is no shrinkage; neither is there wilting of the shoots or leaves 
for several weeks after the disease begins. When the plants reach 
maturity the diseased vines that were attacked early are noticeably 
shorter than the sound ones. As the disease progresses the roots 
become so weakened that they can no longer hold the stems erect, and 
the latter, therefore, become prostrate in a manner that is very notice- 
able (PI. I). This is especially the case if the earth has not been 
hilled up around the stems. Usually all the shoots in the same hill 
are affected, but such is not always the case, for not infrequently in 
the later stages some will be erect and to every appearance healthy 
while others have fallen down and have all the symptoms described 
above (PI. I). 

When the plants have reached this condition they can be pulled up 
with much greater ease than healthy ones, and an examination shows 
that all the smaller roots are so friable that they can be broken with 
almost no effort, and some can even be rubbed to pieces between the 
thumb and finger. The main root also is much more tender and brittle 
than that of healthy plants, and this condition extends nearly to the 
line marked by the surface of the ground. 

Such diseased roots are usually covered with a white, pink, or even 
reddish growth of mycelium, which is distributed very unevenly and is 
much more conspicuous in some places than in others. Microscopical! 
examination shows that this mycelium invades all parts of the root, 
though the bark is most affected. It is present in the water ducts, 
but it is not especially abundant there, as it is in the wilt disease of 


14 DRY ROT OF POTATOES, 


the watermelon, forexample. The conidia are not formed in the early 
stages of the disease, and up to the time the potato stems have fallen 
over on the ground there are comparatively few. No perithecia and 
none of the mature sickle-shaped spores (macroconidia) characteristic 
of /usar/um were found on the roots of living vines. The mycelium 
does not extend up into the stems and leaves. Sections cut at the sur- 
face of the ground showed only very few hyphe or none at all. There 
was, however, a marked browning of the tissues, particularly of the 
vascular ring. This browning usually extends only a few centimeters 
above the surface of the ground. The underground stems on which 
the tubers are borne are nearly always attacked, but they do not as a 
rule become so soft and brittle as roots of the same size. The myce- 
lium passes through the whole extent of these underground stems into 
the base of the tubers. A detailed account of the effect of the fungus 
on the tubers will be given later. 

As soon as the roots become so badly affected that they can no longer 
take up water and nourishment from the soil, a very marked change 
takes place in the leaves and stems. Up to this time, as has been pre- 
viously stated, there is no wilting, but, now that the water supply is 
cut off, the foliage and the upper part of the shoots begin to droop and 
become flabby, and soon die and turn dark brown. Fortunately, the 
tubers have in most cases become ripe or nearly so (though usually 
prematurely), so that the crop from the diseased hills is not entirely — 
destroyed. 

In case the plants are not attacked until the stems and leaves have 
nearly reached maturity, the early symptoms of curling and dwarfing 
of the foliage do not appear. Even in such cases, however, if the 
roots are entirely destroyed before the tops have died down there are 
the later symptoms of wilting, but often the fungus grows into the 
tubers without causing any visible symptoms in the parts above ground. 

As stated above, the fungus usually enters the tubers through the 
underground stems, though it occasionally gets in through wounds. 
As the tubers are so well protected from injuries by the surrounding 
earth the damage done by the disease entering in this way would 
necessarily be small.“ Tubers examined much before the time of ripen- 
ing were often found to contain the fungus at the basal end, showing that 
they may be affected while yet very immature, though there is little 
evidence that the growth of the tuber is thereby seriously checked. 
At the time the potatoes were harvested a very large proportion of 
those examined were found to be slightly affected, though the disease 
rarely extended into the potato more than three or four centimeters, 
and usually much less. At this time the disease was confined to the 
basal part of the vascular ring and appeared as a cinnamon-brown stain 
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~ extending inward irregularly, farther in some places than in others. 

There was very seldom any soft rot in those examined while they were 

being harvested, and the flesh inside and outside the vascular ring was 

white and perfectly normal as far as could be determined. 
. Tubers of all sizes are attacked. The fungus was often found in 
those not more than two centimeters in diameter, though probably a 
higher per cent of the large ones than of the small ones are diseased. 

While the potatoes are in storage the fungus progresses inward 
farther and farther, at first following the vascular ring. This ring 
gradually changes from cinnamon-brown to nearly black in the parts 
affected. The discoloration becomes visible in the ring as fast as the 
hyphe progress inward—at least the threads were never found in 
advance of the blackened part. The blackening does not, however, 
precede the advance of the fungus, as microscopical examination never 
failed to show threads in the most newly blackened parts, and numer- 
ous cultures made from the extreme ends of the discolored portions 
of the bundles very seldom failed to develop the fungus. 

These cultures were made by carefully paring especially favorable 
pieces of diseased tubers with a hot scalpel, heating it nearly to red- 
ness before each stroke and cutting out pieces a few millimeters in 
diameter, containing a length of about two millimeters of the extreme 
end of the discolored part of the bundle. These pieces were cut from 
the main part of the specimen with the hot scalpel and allowed to drop 
directly into a tube of sterile culture media. Potato cylinders were 
used principally for media. Slant tubes of beef agar (+15 on Ful- 
ler’s scale) also were sometimes used. One hundred and twenty-two 
cultures on potato and sixteen on agar were made, and in all but two 
cases on the potato and in every case on the agar the fungus appeared 
after a day or two as a white mycelium, sparse at first, growing 
directly out from the blackened bundles and spreading into the media. 
Forty-two cultures on potato and four on agar were also made from 
older parts of the discolored ring nearer the basal end, and of these 
all but one on the potato and all on the agar produced a growth of the 
fungus. Bacteria sometimes appeared in the cultures along with the 
fungus, and this was especially noticeable in those tubes in which 
the fungus did not come out, and was doubtless what kept the mycelium 
from developing further. These bacteria were probably, in many 
cases at least, intruders that got in while the cultures were being 
made. In other cases they probably developed from rods which 
entered the potato along with the fungus and did not find conditions 
favorable for growth until the fragments of potato were put into our 
culture tubes. In making a large number of cultures it is impossible 
to avoid occasional air-borne contaminations, but long experience has 
shown that in general we get in our cultures only what we put into 
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The fungus pushes its mycelium farther and farther into the vascular 
system until it has reached entirely to the eye end unless progress is 
interrupted by some change in the condition of the tubers. 

The surface of the potato remains perfectly sound and normal during 
the early stages. Sometimes, indeed, the vascular ring is blackened 
throughout its entire extent before there is any external indication 
that the disease is present. Such potatoes might pass in the market, 
and as a matter of fact often do pass, as perfectly sound and healthy 
until cut open and examined. ‘They are, however, quite unfit for use. 
Many such come into the Washington market every year. 

If the diseased tubers be cut crosswise this ring may be seen to be 
blackened either continuously all the way around or in only a few 
isolated places (Pls. 1V and V). Sometimes there is only a single dark 
band a few millimeters wide running through the tuber in the vascular 
system from end to end. A tangential section of the blackened ring 
shows that the color is much darker in some ducts than in others, giv- 
ing it a veined or netted appearance. ‘The thickness of the black ring 
is only very slight—seldom more than 1 or 2 millimeters. 

As stated above, the flesh inside and outside the dark ring is at first 
white and apparently normal. After a time, however, a yellowish 
stain appears in places in that part of the flesh closest to the ring, 
either in the inner or the outer portion, and the fungus slowly 
spreads into these discolored portions. The discoloration seems, 
however, to keep a little distance in advance of the fungus, as no 
mycelium could be found with the microscope in the distal part 
of the yellow regions, nor did cultures made from such parts give 
any fungous growth. ‘This process of discoloration, followed by the 
invasion of the mycelium, continues until, in many cases, the entire 
tuber is affected. If there is a cavity inside the tuber the fungus 
usually penetrates it and appears as a dense white growth (Pl. V) 
often bearing conidia. The hyphe that push from the ring out 
toward the periphery break through the skin and first appear as a 
white growth on the surface. Whether or not these hyphe ever bore 
directly through the cells of the skin is difficult to determine. It 
is certain, however, that they often break out through very tiny rup- 
tures that seem to be the lenticels. More frequently the tubers are so 
shrunken by the time the fungus gets to the periphery that the skin 
folds and cracks, and the mycelium grows out through these openings 
in great abundance, appearing on the surface as dense white or gray- 
white tufts (Pl. VI). ‘These soon bear small oval microconidia, and 
later the curved, septate macroconidia characteristic of the form-genus 
Fusarium. Occasionally, also, if the surface of the potatoes is kept 
moist, a compact, wart-like stroma, a few millimeters in diameter, is 
formed. Microscopical examination shows that this is made up almost 
entirely of a dense mass of chlamydospores. Perithecia were never 
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found on any of the tubers. The formation of tufts on the surface 
seems to be favored by a moist atmosphere, as this phenomenon was 
much more common on the crop of 1902 stored in bags than on those 
received from Michigan and kept in open barrels. The appearance of 
the latter is shown in Plate VI, the shriveled tubers being very dry 
and hard, and many of them free from surface mycelium. 

Along with the general discoloration of the flesh there is a very 
decided shrinkage of the tubers. This causes the skin to become 
wrinkled in the form of concentric rings about the stem end. If 
bacterial decay does not set in, the rot becomes drier and drier and 
the flesh turns darker and darker, the vascular ring, however, con- 
tinuing to be the darkest, until the tuber is brown, dry, very light in 
weight, and often nearly as hard as wood, having a very characteristic 
musty odor entirely different from that of the bacterial decay. 

The starch grains do not seem to be corroded by the action of the 
fungus, at least not promptly. In some tubers that were completely 
dry and shriveled the grains were notched over the entire surface, but 
in such cases there was probably a mixed infection of fungus and 
bacteria. Other fungi also may have been present as saprophytes. 
In tubers where the yellowing extended throughout only part of the 
flesh, starch grains were found in a tangled mass of the mycelium 
without any marks of corrosion. These grains were being acted upon 
by the fungus, however, for they stained purple with the iodine test, 
instead of blue, as do normal grains. 

Though the fungus usually enters the tuber by way of the under- 
ground stem, in some cases it had clearly got in through wounds. 
Sometimes there would be two separate infections—one through the 
basal end, with a limited browning in the vascular ring, and the other 
through a wound in the side or the apical end. Often these two dis- 
eased regions would be separated by entirely sound white flesh. There 
were a few other cases where the tubers were infected through appar- 
ently unbroken skin by contact with diseased neighbors having tufts 
of white mycelium on their surfaces, but these cases were rare. 

When the fungus has once gained entrance it spreads without any 
visible mechanical obstruction to its progress. Whether or not the 
cells produce any chemical substances that tend to check its progress 
has not been determined, but no corky layer is built between the 
diseased and the sound portions. The hyphz sometimes go between 
the cells of the parenchyma for a short distance, but in most cases 
they penetrate the cell walls and ramify between the starch grains, 
apparently absorbing the protoplasmic contents and dissolving and 
assimilating parts of the grains themselves. Those hyphe that follow 
the xylem ducts do not form a dense mass, filling the tuber, but push 
forward with little branching (Pl. VIII, fig. 34). A few small micro- 
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conidia have been found in the ducts, but none of the septate, curved 
macroconidia. 

The potatoes from Michigan stored in a very dry place were very 
little affected by other fungi or by bacteria. In the case of those 
raised in Washington and stored in bags, which kept them somewhat 
moist, several other fungi appeared, particularly Stysanus stemonites 
and Acrostalagmus cinnabarinus, in the cavities of those that were 
entirely dead and often worm eaten, and Penicillium and Aspergillus 
on the surface. None of these appeared to be true parasites, however, 
as they were always accompanied by either the /usaréwm or a bacterial 
decay. More or less soft bacterial decay was present in all the bags, 
but this seemed for the most part only secondary, though the bacteria 
were often to be found in the blackened ring. In such cases they did 
not, when the flesh bounding the ring was white and sound, penetrate 
as far as the mycelium, as shown by microscopical examination and by 
the fact that poured agar plates from the most advanced part of the 
black-stained portion of the ring gave pure cultures of the fungus. 
When the bacteria were sufficiently vigorous in their attack they pro- 
duced various kinds of soft rot, usually very vile smelling, that often 
consumed the entire tuber except the skin, which is very resistant to 
their action and also to that of the fungus. The bacteria, like the 
fungus, entered as a rule through the stem end, though there was 
occasionally a case of contact rot at the side, or the apical end, or in 
the vicinity of 2a wound. On the surface of the bags and on dead 
stems in the field two pyrenomycetous fungi were found, viz, d/e/a- 
nospora ornata and Nectria brassice, but neither could be connected 
with the disease. Mycelium cultivated from the ascospores of these 
two species grew badly on various media in which the /wsariwm grew 
luxuriantly, and looked quite different. 

In cases where there was a mixed infection of fungus and bacteria 
the black bundles could often be followed for long distances through 
the whitish macerated flesh, an indication that the infection by /usa- 
reum had preceded the bacterial decay. 

When examined in February most of the tubers, especially the Early 
Rose, bore sprouts several centimeters long, and these were often 
killed and blackened by contact rot, and sometimes even bore tufts 
of the fungus. 

Another complication that was found in some of the tubers was a 
brown specking in the flesh. This specking is not confined to the vicinity 
of the vascular ring, though usually more prevalent there, but may be 
found in any part of the tuber, noticeably in the stem end, where it 
seems to originate. There may be specked regions entirely isolated 
and surrounded by white flesh, though such is not usually the case. 
Whether or not the Fusarium fungus is the primary cause of. this 
trouble has not yet been determined. Microscopical examination, 
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however, shows neither fungi nor bacteria. Cultures of the brown- 
specked tissue made by cutting out pieces with a hot scalpel in the 
manner previously described did not, as a rule, develop any fun- 
gous mycelium. When this did appear it was almost invariably the 
Fusarium and was probably the result of a complication of the two 
troubles. Bacteria sometimes appeared in these cultures, but these 
were of such varied kinds and were so often absent that it seems prob- 
able that they accidentally got in when the cultures were being made. 
The brown specking may be due toa parasite—perhaps the //usariwn— 
but in any case the discolored regions themselves seem not to be 
infested. 


EFFECT OF DIFFERENT FERTILIZERS ON RESISTANCE 
TO THE DISEASE. 


For the purpose of determining whether or not the different ferti- 
lizers added to the soil in the several plots had any effect on the 
resistance of the potatoes to the attack of the fungus, the tubers that 
were stored in bags during the winter were examined about the last 
of February and a careful comparative series of notes was made. All 
the tubers were cut, and the extent and nature of the disease recorded 
for each individual separately; also the condition of the fungus and 
the extent to which other fungi and bacteria were present, as well as 
any other points of special interest in connection with the disease. 
From this enormous mass of notes tabulations were made, and these 
were condensed into the first four tables that appear in the text. 

Several things must be taken into consideration in judging which 
of a number of individuals is the most resistant to the attack of any 
specific disease. In the case of this potato disease the most important 
of these are, first, resistance to the entrance of the fungus; second, 
ability to check the spread of the fungus after it has gained entrance; 
third, ability to keep the fungus from forming spores; and, fourth, 
ability to keep some part of the tuber alive until time for renewed 
growth the following season. Unfortunately, in the case of those 
examined there was in so many instances bacterial action during the 
latest stages of destruction that whether or not any particular tuber 
remained alive when examined did not depend simply on resistance to 
the fungus alone. Whether or not there was total destruction caused 
by the Fusarium could not then in many cases be determined, and 
therefore does not appear in the tables. 
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TABLE |.—Percentage of tubers diseased by Fusarium, according to plot, variety, and 
Jertilizer used. 


Fertilizer, 
Plot. Variety. 
=< Amount 
Kind. per hill, 
p> s 
Grams 

MS: 5 on Gast etcus Myigi | oe Boneblack .cssccucccvetet ee 8 
V1 A era ye NE: alae a | Sulphate of potash............. 16 
1) a pe ivcaat pe + 2. iS ae Muriate of potash.............. 16 
De i ee a _ Early Rage |e Pe pee OO oe Soe ae eee 16 
OBA | oocda co we dn wn ae ee oe ewe ca ceas'e Lime. osc203 oe Se oe 75 
/ | ee See tas Dattent --=- > Cheek sac wed ccickeccweeeas ods oilers ee 
OORT Fe van ces cvcucc tale ae LIME 3. Sociceuaicc de eee 25 
ODT os oe on ces oe ae 00 ke Ae ee Boneblack 2 cnc soke kee 16 
BAD oe cccne cus cece eee Ce cen nn nvnls Sulphate of potash. ..........¢. 8 
MO. gen ccwe a toa Mey ee a os eee Nitrate of soda:? 22.22: 2 8 
QO: scmcnives cee coe PANO eee 2 oc oe a's oes oem ans Sulphate of potash............. 16 
DBS... os enn as aceon O02) eee es Nitrate of 80d a. <2o0ccteeceaect 16 
1") | pet epee ee SET Jor) Cy oe Sees Cheek. 2..005.5.5 3s eee 
pL | ee es, oy Ps oe wg lan) a ee OO. doncadxdcceue duviccte eee 
SRS Sot ee Sega eee. f.. it we ee Boneblack:..c<:.... tena 16 
7) | ee ee ee SETS OTN ee a a 2 Muriate of potash.............. 8 
Bika denen ces eat ane EEE PROOG. snc u sp en <cicehn te Sulphate of potash............. 16 
BURG «5s malnin'c o's cin pe cere “0 ec LIM: 32.35.50 oe ee ee eae 25 
Ay ee aap 2 OD) 2 eee Pea S Bonehinek t..5-nc}scneecnn steer 8 
BOs 3 can Sainle n'est EMPIRE’. = 45 so hades ck oases ING: 302 oe ee eee 75 
ye eas RUTGERS’. =. 5. lanoweceeee Muriate of potash.............. 8 
DOO ee a oe ee Oy a eee gee Nitrate of e008.) 3-2... .7oee 8 
ol SER ae se eS PONE cons 5 wis ws scdnvecuesb ee Muriate of potash............-. 16 
2. | 7 Se eee ES LOT ree ee ess Cheek. «<6... .26<s a. ceeteate see eee 
ye eer * Pele MORO. o. -35.c22< .ccehe Nitrate of soda. 35223 oee eee 16 
DBO. M. ccticda nap a tate Oop Sl ee ee Sulphate of PORE 2 chal, ooo 8 
es 3 = oot Sao ae i. 0 oT Se eee, a eee SE dee Boneblacksx Sie soe se ean 16 
2.1) pe ame pee | ES ee 1 SiS Se Ae ee a a Peed Srati SC er ee ee Fe) ae - 
1, eee. U0) en, Se ee a hime 2 S262. es ee eee 75 
BUG s a2 ok net mene JSUT) | ee Re Nitrate OF SN0R= 5). ~ essen ees 16 
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Table I shows the percentage of tubers diseased in each plot, 


whether very seriously or only slightly. 


It will be seen that the 


plots are arranged in order of percentage affected, the worst being at 


the head of the list. 


Those that are most resistant to the entrance of 


the fungus would, then, other conditions being equal, be at the end. 


TaBLE I1.—Percentage of tubers wholly affected with Fusarium in February, 1903, by 
plot, variety, and fertilizer. 


lot. Variety. 
QO 32 tes Ba ERIE 255 iia See ee 
2040 Oe ee (1 (ERs 6A oS 
2060: 22? ee MRS 2 5 Skt oe ee 
PUBS ene ee ROT so. . So ee oe ee 
DAS CSc esi hoe 130] i 2 cle eae 
OE eos oes ki 2 ae ren eerLOne) 2. kt cen ee 
2 eS ey OF 1371) a here ae APE ey >] 
SO ee fee eee Bria) oo... ot cee 
2413 ae ce i reyes. 3.) ae See 
ri) Oe ee ee en OEE OeRUSe... = 2... eee 
De ee ek oo ee COM ates ac ace 
QO ea ag eo Se Cie ee i oe eee 
v1 597 ee gel aiken UEP co. so J ee 
ro) a) AE EE tae ep ET EN ORC ee 
Vo TSA Se ete Ber VREOSC a2 won). act a oes 
rnd ee oe WOU ota cis ose oe eae 
7 es oe B50.) 072 | ee ae eee eee 
21S ae See reel RT OURNE N= ioe os oo ee ee 
BUM sae ae aad mn Sle DAPhyVORORG,. -~ o.is.00. eee 
7 SY Se eng cai tte) MR MOreice fen fess ee ee 


Wholly 


Amount | affected. 


Fertilizer. 
Kane. per hill. 
Grams 

Sulphate of potash............. 8 
BOnenlaGk = 272 -nb, a eee oe 8 
MOGES 5... steel ae woth eee eee 
BONCHIAGE: 20. ones seat e eee 16 
ieee Of potash gece - 
it at of poteshs os). ise - 
BO on ie tn op ana eee 75 
Bareback Be ene 16 
Muriate of potash.............. 16 
Check. occ icscce na as woe ees oe ee 
EDMNG oo a ee RN ere eee 25 
Muriate of potash...........-.. 8 
Nitrate Ob S0Ga. 052. 23s. octe eee 8 
Muriste of potash: °22-0..-2-2 16 
Bonebinekic. sr .s50- eae ee os 16 
Cheek... Uiiaeh oes s ase eee s eee 
Nitrate.of Sods... --.ct eens 16 
Sulphate of potash........--... 8 
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Taste Il.—Percentage of tubers wholly affected with Fusarium in February, 1903, by 
‘plot, variety, and Jertilizer—Continued. 


Fertilizer. 
; cee ee — — — ~| Wholly 
Plot. Variety. Kind Amount | affected. 

a“ per hill. 

Grams. | 
ed ee LORY. RORG gi ain kee tmcente k ome ROMNAL OO a Wed atd hi Av We d/dn'n 9 hid ata 0.31516 75 9.9 
SERS eb sick niko. ad bon FLOW LNs Scere cA bee clus bee ade’. ej te SS ee Ie Bae re ae Rae SE 75 9.8 
NEL iarve a p cfu le sh c.nintw o's MTV HOROH ais naw aaa on caitiee PUEU DEY OLR OOO ais as 2,0’ ona = vy 0'win'e 8 9.8 
SEE ids Lica wians at » PREC ILE Us Mecuarae seen kates LU (oleh 2s IE ait = ae ade] |e 9.7 
eer NelTy HOGG 6 5.0.5 ieswss Reams Saree (ES ES es Se ee 9.1 
BAS ESS see ass faint eee IE Le ok ick wae bisien baa soctear’ 25 6.5 
|S res eee COPE at tan 9 SBE peta | Sulphate of potash............. 16 6.1 
OD a ee TOILE oe De Oe ures eas INIPISLe Ob SOUR 26 ..cl et ce noes 16 5.6 
BERR aienids w ssc BEE WUT cite igh soe Serco niets aaa alot om UY? pet gh Sta Sa Sale = ae ae 16 4.9 
RAMEE Seta se once ATI RORG oc us cee ue bes oe SG ILC UC Kia swe u's tetas tee « ww-ce 8 A | 


Table Il shows the percentage of tubers in which the browning of 
the vascular system has reached practically to the apical end. This 
does not mean necessarily that it is completely rotted, for in some 
cases there is sound white flesh inside and outside the ring, especially 
at the apical end; while in others, in which the blackening does not 
reach entirely through the potato, it is affected throughout by a semi- 
soft rot, partly bacterial. A large majority of the tubers recorded in 
this table are, however, completely dry-rotted by the fungus. Like 
Table I, the plots are arranged in order, the highest percentage being 
at the top. 


Tas_e II1.—Percentage of tubers showing tufts of mycelium, by plots, variety, and fertilizer. 


| Fertilizer. | Percent- 
| age of 

. tubers 
ke t | showing 
ot. ariety. tufts of 

| Kind. eet myce- 
: ee *!| lium in 
Febru- 

| ary. 

Grams 

Leluty op hal tc eae ee ae ee ee GE Poveda. tcscntts ass} 16 | 67.6 
Cn RN pe i SR RE OT: [0 OO 2 ee ee 16 | 53.8 
of RE Peer Blew eaee eae ass Mase or pune 16. | 48.1 
BULAN er ose oeee Sulphate of potash.--.-/.....-. 8 45.4 
LA Aes ed eee CC Cee rete ak kee CONC DIRCK coe e acces aicercs coxa] 8 | 44.0 
| ESSE Sorel eae ROe set note one aata eed) OUNIAL-OF POTARN. ....--2.-.--| 8 | 42.7 
“22 coe eee ee Cee ny ee ee ae |e ne OO. ast tak vccw deuce cd 16 | 42.7 
ae Re eae A C6 Eph MS SIN BC 2 BF 2c = ee ee rr 25 | 42.4 
SPO eee ed soc ee ee 2 a a a CD ie oe Mees eee ise ee 75 40.5 
> Spe tamiaat ae ares = [ASL Pe ee 2 ee 38. 4 
G51 hte 017), On, Gud Seb Sera leeraeas eee att | | Sona ae rele a2 Mat Sn! ee es 36.7 
MAYIV HOSG fen tae cease Witheule) pets Ae ene a 75 | 32.9 
ether bn. we fois a oie G0 sees eee SO DMee.Or Potash >... ....---- 8 | 29.4 
ae eS ee ONG tye eee Rees ave Ses Muriate of potash............-. 16 29.0 
ee ea Pee i SE SO ea SS a ae | Pee ee 8 28.1 
LoD hag Gi: ht aka Sp atl Ree Sem hae (bikie Se alii Ie Sah ae 75 | 28.0 
A Se eee | aera ee eo 2 es | BORE DIGG ck seks chlo mew ce ccs 16 26.3 
BATTS oe coe. eee bi Mes oo Od eee ae Sci 25.7 
: i ie Be eet (oe OO en Eee 6 a pee) MCR fool ee TS en (ee ree ie 25.1 
2 PE Cee ey tee oe ee OLED otnson pec ces nace e 16 | 2. 1 
BEOWit esos eee ke le INiiraLe OL SOG so. i2---. 2.25 16 22.9 
TAME aed gah aR AU es so apni, See ceive] [tla fai cts) 0) CCl oP eae Se 16 | 21.9 
Cebit al 5: 971 eh he ne ee Chinese ees ia 8 13.7 
- See LTB ae Stak BRS en epee Cheek -..-.en.20 02 eeeeeeees| 18.4 
we OSES ee come Pea 0S Reta oe gee ir en ee 15.3 
| ae a oo ary a ie ee en tebe Sd Non hae ee 2 er 16 15.1 
ee ee ee he ets as fcc n es ecn 95 | 13.7 
A aS eee Mbp eas xdee == ness saLek) SAD Mmle OF POURED... ........... 16 11.2 
| ee * ESS ee EO eS 2 a | 3 8.3 
Ly Id ge a dass pho hiahye 213 2d pas 5 pS ee 16 7.8 
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In Table III is represented the percentage in each plot showing 
white fungous tufts, either in cavities or on the surface. This repre- 
sents the extent to which the fungus has formed spores, for while 
there are sometimes microconidia borne on the hyphe in the blackened 
ring, they are very few in number; whereas, on the other hand, the 
white tufts nearly always bear them, usually in great abundance. This 
table is likewise arranged in order of percentage. 


TaB_e 1V.—Giving number of tubers evamined and extent of disease in per cents, by plot, 
variety, and fertilizer, in February, 1903.4 


Fertilizer. 2 3S : 3 a | 33 
ce 18 | bq; | 4 ae 23 
Bee | oc fies P g|d g 
Plot.| Variety. oS A = ® & : i a he Sa 
Kind, |Amount.|2*| 2 | 3 23 a = tee) oe “2g 
| | 5 |8/8 |2™|h)|)8/a)/5|81)1a 158 
Zz nal|A lA 2 iA |e | A | a) oe 
| ¥ 
Grams. 
2041 | Early Rose .| Boneblack .| 8| 140] 11.4) 0.7] 87.9} 40.7] 18.6] 6.4] 11.4) 7.9] 2.1)25.7 
2042 | Burbank ...}....- o-..... 8} 143) .0} 1.4] 98.6) 19.6] 17.5) 9.8] 13.3) 7.7| 30.8) 44.0 
2046 | Early Rose .|..... athe... 56 16} 151) 9.9) .0} 90.1) 29.1) 13.2) 9.9] 14.5) 6.6} 16.6) 25.1 
2047 | Burbank ...|..... O0O>..... 16} 266; 6.4) 4} 93.2} 39.1] 12.0] 6.8] 10.9) 11.3} 12. 8) 26.3 
2043 | Brown......|.-.-. €0)..-.-. 16} 146) 15.8} 2.1) 82.1) 19.9] 10.9] 4.8] 10.3) 8.9) 27.4/21.9 
2036 | Early Rose .| Lime....... 25] 153] 11.8) .0) 88.2) 45.1) 18.9) 10.5) 4.5) 2.6) 6.5)13.7 
2037 | Burbank :..|.-;.- Coe os. 25| 165) 5.5} 1.2) 93.3} 19.4) 21.2) 10.3] 19.4) 7.9) 15.1)42.4 
2034 | Early Rose .|.....do...... 75) «218 409 -9| 94.4) 29.1) 25.4) 12.2) 13.1) 4.7| 9.9]32.9 
2035 | Burbank ...|..... Bows... 75| 157; 7.0} 5.1) 87.9) 21.0) 15.3) 6.1) 14.7] 12.1) 19.7| 28.0 
2088 | Brown.....--|-.-== OO eee 75| 173; 8.7| 16.2) 75.1] 19.1) 31.8] 5.8} 5.8) 3.5) 9.8)/40.5 
2039 | Early Rose . ge of 8} 221) 8.1) 9.1) 82.8} 24.4) 19.5) 10.9) 9.9) 7.7) 10.4) 29.4 
potas 
2040 | Burbank ...|..... GS 5 8| 141; .0} 7.1) 92.9) 12.8) 6.4) 7.8) 8.5) 7.8} 49.7) 45.4 
2044 | Early Rose .|..... Os. a 16} 196, 10.7;  .0} 89.3) 33.7} 20.4) 12.8) 11.7) 4.6) 6.1)11.2 
2045 | Burbank ...|..... re. = 16} 148) .0| 2.0} 98.0) 12.8] 28.4) 3.4) 21.6} 9.4) 22.3)67.6 
2053 || (BYOW.<..-clceess GO... -=; 16) 104 .0| 7.7} 92.3) 26.9} 14.4 .O} 19.2) 9.6} 22.1/53.8 
2049 | Early Rose . abo i ei of 8} 128} 7.0} 5.5) 87.5} 18.7} 12.5) 14.8] 10.9) 6.3) 24.2) 28.1 
potash. 
2050 | Burbank ...|..... Oe, - = .« 8} 199; 1.0) 9.0) 90.0} 11.1} 23.1] 8.5} 23.6] 90.0) 14.6) 42.7 
2054 | Early Rose .|..... ao; -.. =. 16; 162) 3.1) 1.2) 95.4) 30.9 24.7 5.5} 11.1) 8.0] 15.4) 29.0 
2055 | Burbank ...|..... WO oss 16) 138} 1.4] .7| 97.2) 31.9} 7.2) 10.1) 9.4] 13.8) 25.4) 42.7 
2048 | Brown...... [eee 0 Oe 16} 108) 8.3) 4.6} 87.1) 25.0) 18.5] 5.5) 16.7] 7.4) 13.0/48.1 
2051 | Early Rose . go of 8} 144) 12.5} .0) 87.5) 36.1] 21.5) 11.1] 6.2) 2.8) 9.8) 83 
soda. 
2052 | Burbank ...|..... BY Ge sas 8} 150} 7.3) .0) 92.7] 36.0) 18.7} 8.7| 8.7) 7.8) 18.3)18.7 
2056 | Early Rose .|..... ea 16} 172) 8.1) 8.7| 83.2} 29.1) 19.8) 8.7] 11.0} 4.1) 10.5)15.1 
2057 | Burbank ...|..... ee 16] 178) 12.9) 12.4] 74.7) 47.8] 11.1) 6.2} 2.8) 1.1) 5.6) 7.8 
2058:| Brown =. .<<<|s.->< WOR eccs 16} 61) .0} 8.2) 91.8] 34.4) 29.5} 4.9) 18.1) 4.9) 4.9)/22.9 
2059 | Early Rose .| Check ......].......... 276; 6.5) 2.5} 91.0} 31.9) 13.8) 8.7] 15.6) 11.9) 9.1)25.1 
2060 | Burbank ...|..... UO 2 ene 169} 1.8) 4.1) 94.1) 21.9) 13.6} 5.3) 17.2) 5.9) 30.2) 36.7 
2061 | Early Rose .|..... IO cana) ee 189| 6.9} 1.6} 91.5) 33.3) 18.5} 11.6) 5.8) 6.9} 15.3)15.3 
2062'| Burbank .../. 2... 3 Oe Sel Se 185) 7.6) 7.6) 84.8] 37.3] 16.2} 5.4) 7.0) 9.2) 9.7/18.4 
2063) | -BrOWT... = <c<leeo Seer as ceo nae 146} 10.3) 11.6} 78.1) 16.4) 29.4] 4.8) 14.6) 2.1) 10.9/38.4 


aSee fig. 1, p. 23. 


In Table IV we have recorded all the chief points of interest covered 
by the notes taken when the potatoes were examined. ‘‘ Number 
examined” includes all that were stored during the winter and exam- 
ined in February. In the larger plots there were so many that not 
all were saved at harvest time. ‘*‘Sound” includes all that were cer- 
tainly not affected with the /wsariwm disease. ‘* Doubtful” includes 
all those so affected, with other complications—e. g., bacterial rot and | 
the brown specking mentioned aboye—in regard to which it was not 
determined with certainty whether or not the fungus was present. 
Under ‘‘ Diseased with /usarvum” are all those known to be attacked 
by the fungus, i. e., those presenting typical symptoms free from 


EFFECT OF FERTILIZERS. 93 


perplexing complications. The next six columns to the right—i. e., 
the eighth to the thirteenth, inclusive—represent the distance from the 
stem end to which the fungus had penetrated (see fig. 1). Taking as 
a basis a potato 12 centimeters long, if the fungus has penetrated not 
more than 24 cantimeters the inroad is recorded as slight; from 24 em. 
to 5em., “‘less than half;’ 
to 9 em., ‘*more than half;” from 9 em. to 11 em., ‘‘ nearly all;” from 
11 cm. to 12 em., ‘Sall;” these distances measured on the long axis of 
the tuber. The last column shows 
the number in which tufts of white 
mycelium are present, as in Table III, 
but in different order. In this table 
the arrangement is such that the 
effects of like amounts of the same 
fertilizer can readily be compared 
in the three varieties of potatoes 
studied to see if there is any differ- 
ence in varieties in regard to resist- 
ance to the disease. 

A careful study of these tables 
shows that no one fertilizer stands 
preeminently at the head of the list 
in any table for all three varieties. 
If any one fertilizer either furthered 
or retarded the action of the fungus, 
we should expect to find it relatively 
near the head or foot of the list for 
all varieties and for both amounts 
used, but such is not the case. That 
is, for example, in Table I the plot 
of Burbanks fertilized with 8 grams 
of boneblack has the highest per- 
centage of diseased tubers, while the 
checks are much farther down and 
widely separated; but, in the ease of = FlG. 1.—Diagram of a longitudinal section of 

a diseased tuber. 

the Early Rose, boneblack, 8 grams, 

comes below three of the checks. Furthermore, in the Burbank plots 
the lesser amount of boneblack comes before the greater in the list, 
while, with the Early Rose, the reverse is true. A similar comparison 
of any other two fertilizers used shows similar inconsistencies. One 
would expect the checks of each variety to be together in the table, 
but though such is the case with the Early Rose in this table those of 
the Burbanks are widely separated, more than half the list lying 
between them. 

In Table II the comparison is no better. Here Burbank, potassium 


. 


from 5 cm. to 7 cm., ‘‘half;” from 7 cm. 
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sulphate, 8 grams, stands first, with one check close below and the 
other almost at the end of the list, while, with the Karly Rose, potas- 


sium sulphate, 
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Fig. 2.—Diagram of experimental potato field, show- 
ing the cases of the Fusarium disease of potatoes 
found in the plots on July 27, 1902. <A cross indi- 
cates that all the shoots in that hill were affected. 
An oblique line indicates that a part only of the 
shoots were affected. Small plots are omitted. 


phate, 16 grams, Burbank is highest, ** Brown” 
Rose third. Many other such comparisons can be made through the _ 


8 grams, stands below the middle with one check eight 


numbers above and the other 
five below. It will be seen that 
in both varieties the two checks 
are widely separated. 

In Table ILI, Burbank, potas- 
sium sulphate, 16 grams, stands 
first, with one check a third of 
the way down the list and the 
other nearly at the end, and, 
with the Early Rose, potassium 
sulphate, 16 grams, is third 
from the end with one check 
three and the other nine num- 
bers above. 

Comparing the varieties in 
Table IV, we find equal compli- 
cations. With boneblack, 16 
grams, in the column showing 
the percentage diseased, Bur- 
bank has the highest per cent, 
Early Rose next, and ** Brown” 
third, but with lime, 75 grams, 
Early Rose stands highest, Bur- 
bank second, and ‘‘ Brown” 
third, 
sulphate, 16 grams, Burbank is 
highest, ‘*‘ Brown” second, and 
Early Rose third. Comparing 
them in the last column, which 
represents the percentage show- 
ing white tufts of mycelium, 
we find that with boneblack, 
16 grams, Burbank is high- 
est, Early Rose second, and 
‘*Brown” third; with lime, 75 
grams, ‘‘Brown” is highest, 
Early Rose next, and Burbank 
third; and with potassium sul- 
second, and Early 


table, but no one variety can be found constantly with a higher or a 


lower percentage in any one column. 


while with potassium 


Ap 
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From a study of these tables one conclusion is very apparent, viz, 
that other factors than the fertilizers and varieties have taken a part 
in determining the relative extent and severity of the disease in the 
different plots. What these factors are has not as yet been determined. 
In the treatment of the ground while the potatoes were growing and 
during the previous year, and in the seed tubers planted, there was no 
appreciable difference. Neither would the location in the field of the 
different plots be expected to make any considerable difference (fig. 2). 
There was a plantation road on two sides, other potatoes from the 
same lot of Burbank seed on a third side, and bluegrass on the fourth, 
and none of these would be expected to have any effect on the preva- 
lence of the disease in the experimental plots, especially as the roads 
were very wide, so that passers-by rarely came in contact with the 
plants. In the storage of the tubers during the winter there was the 
chief difference in treatment; but even here, as will be seen from 
the previous description of how the potatoes were kept, the only 
essential difference was in the pressure the various bags had to sustain 
and the fact that the upper tier was bounded above by a layer of cotton 
and the lower one lay in contact with a cement floor. These condi- 
tions can scarcely be considered sufficient to account for the differences 
found in the several plots. : 

During the early course of the disease the distribution in the field 
was very uneven. Exact data as to what plants were affected at any 
one time could not be obtained, as during the early stages of infection 
there was no change in the appearance of the tops, and a minute 
examination of the roots and tubers could not be made without destroy- 
ing the future usefulness of the plots. A careful examination of the 
leaves and shoots was made, however, on July 27, and a record was 
taken of all those hills in which the disease had progressed far enough 
to show symptoms above ground. The distribution of these is shown 
in fig. 2. This represents a diagram of the field, showing the arrange- 
ment of the plots, fertilizers used, and the distribution of the plants 
showing the disease in the tops on July 27. The lines represent the 
potato rows, and their intersections represent the hills. The hills 
entirely diseased are marked with a cross; those partially diseased, 
with an oblique line. 
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TaBLe V.—Distribultion of disease in the field, July 27, 1902, as determined by inspection 
of parts above ground. 


Fertilizer. | 
, All dis- | Part dis- | 


Plot. Variety. “A _ Total. 
, Kind. Amount,| &8ed. | eased. | 
Grams. 

O80 |) Barly ROK .cccuscccccaca CRAOM oes x's'as ddciadun'cansasuleeae eee 29 40 69 
14 i Cee Be RS ee OO iwc cuss sukuussccecnedinuaaaeee 27 34 61 
neO.|. Burbank: . sins cpcnccccusclesess GO «oka danndadewasacteenclndeesneee 14 39 53 
2060 |..... CO ee ee bas ad OY). occus caves eeevn cntticnstedinauee 27 24 | 51 
1684 | Barly Roses ic...6~.<-.... Pima sc. vache aces 75 11 38 49 
2080 |. seas OO ep ae eee Sulphate of potash ......... 8 | 13 31 44 
9087 |: Burbank vic osceeske..: ss. ERM oo tain sas cancesenaeonee 25 16 24 40 
2056 | Early Boge .- .- ccccc<on ss Nitrate of 6008 ... cas<s0vns 16 15 25 40 
DAD |! Weir 2. wee cen s ce ox BONGDICOK 5 6-csnecncnueres 8 9 29 38 
O05A larly ROsG 225. ocs. ssc a~ ss Muriate of potash .......... 16 | 16 20 36 
Oat) Bor Danke sseen's cuesn vss ans Boneblack ;....2ss-skeeseees 16 | 10 23 33 
2055. |... 3 0 NEE eae > ee Muriate of potash .........- 16 10 23 33 
DORI) Barivi Rose <2 ets ot 5 Nitrate of soda «2. geen 8 6 26 32 
2049 |..... OR Sa eee ee Muriate of potash .......... 8 6 24 30 
es | Burhan... eee <-os<<es ws PANG 3: 52 <ccacauxswavn oe 75 13 16 29 
YL eo a ee ee rs (3s eee «aE A 25 6 23 29 
SiO: )- Burbank ..2--ccssnesce<- Sulphate of potash ......... 8 5 24 29 
DOB? | owes OT ee Nitrate of s0@& 6c. ca. -sase= 16 7 21 28 
2045 |... GOle sede causa sets Sulphate of potash .....-...- 16 9 11 20 
DO Th OO A (uC) ae ae, oe eS 16 5 16 vk 
O02 | Borbabe ...2scsav-scses.> Nitrate of :s008.: ..25 4-044 8 9 12 21 
2046) Early Rose. .<..ce..05-<- Boneblack «3.2. s'esas-esieas 16 3 16 19 
OE Wr een be ce ks se Muriate of potash ........-- 8 : 9 17 

12 12 
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Table V gives the percentage in each plot that showed the effect of 
the disease in the tops on July 27. A study of this table reveals the 
fact that the distribution of the disease does not consistently follow 
either variety or fertilizer, neither are the plots in the same relative 
position in this table and in Table I. It also shows that at this 
date the checks were more seriously affected than any of the fer- 
tilized plots. 

The distribution of the disease in the ‘‘ Browns” does not appear 
in figure 2 or in Table V, as the leaves of these plants were so badly 
affected with ‘‘tip-burn” at the time the notes were taken that it could 
not always be told which were affected with the /usarzum disease. 

From what precedes, it appears that though fertilizers and varie- 
ties may have some influence on the resistance of potatoes to the 
Fusarium disease, in the case of those particular fertilizers and varie- 
ties tested this effect was so slight that it was entirely hidden by the 
effect of other factors as yet little understood. 

The experiments were repeated in 1903 on the same land, using the 
same fertilizers and same varieties, but with healthy seed potatoes 
obtained from a distance. The results were abundant scattered 
development of the disease on the foliage and tubers in summer and 
fall and slow increase of the disease in the stored tubers during late 
autumn and early winter. The tubers were stored in a cool, dry place, 
and when examined late in December a very large majority of them 
were found affected with the brown or black stain in the vessels at the 
stem end, but this rarely extended in more than 1 cm. and the tubers 
appeared sound externally. Bacterial decay was rare. In the sacks 
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of tubers examined December 21 less than 10 per cent were free 
from the /usarium disease. The slower progress of the disease in 
the stored tubers in 1903 was undoubtedly due to the fact that they 
were housed in a much cooler place. Cultures were made from 
the blackened vascular system in 24 of these potatoes. All yielded the 
fungus. Some also yielded bacterial colonies of various sorts. As in 
the cultures made from the crop of the preceding year the fungus did 
not, like the bacterial colonies, spring up at random anywhere on the 
surface of the potato block, but grew out of the deeper portions of 
the vascular system, first, as separated sparse hyphe, then as luxuriant 
masses of sporiferous mycelium. 


DESCRIPTION OF THE FUNGUS. 


The form, color, and habits of growth of this fungus depend much 
on the medium in which it is grown. As it is found in the diseased 
plants, the mycelium is rather slender, with frequent septa, nearly 
colorless, and much branched in the parenchyma, but less so where 
it follows the xylem ducts (Pl. VIII, fig. 34). There are a few 
microconidia borne inside the host, but they are not numerous except 
where there is a cavity of some kind, and are, therefore, easily over- 
looked. Where the fungus breaks out in tufts on the surface of the 
tubers it is white or pinkish, and bears an abundance of microconidia, 
often many macroconidia, and sometimes chlamydospores. These 
tufts are from a few millimeters to several centimeters in diameter, 
and usually a little less than a centimeter tall. The individual hyphee 
in these tufts are very much branched, with many septa. 

In the many different kinds of culture media used this fungus 
showed a number of very striking variations. For this reason it is 
impossible to give a general description that will hold universally. 

Sugar-beet agar (789“) was most used for poured plates, and boiled 
potato cylinders (792 and others) were the standard medium for tube 
cultures, as they afforded the same food as the host, differing only in 
being boiled. 

The fungus used for all the comparisons on different media has 
descended directly from a single spore that developed in a plate 
poured from the interior of a tuber that was affected with the /usa- 
rium disease Only. The outside was pared off and the exposed sur- 
face sterilized with a hot spatula. <A slice was then cut off with a hot 
scalpel and a little of the diseased part underneath was transferred 
with a sterile instrument to beef bouillon. This was used to inoculate 
tubes of beef agar from which six plates were poured. Only fungus 


“These numbers are given to the culture media when they are made up, and 
appear as a permanent record in the laboratory, with an exact description of the 
entire process by which they are made. These descriptions may be found near the 
end of this bulletin (pp. 55-59). 
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colonies appeared in these plates, and these seemed to be all alike. A 
little of one of these colonies was transferred to a tube of boiled 
potato, and this was used as a starting point for the inoculation of the 
different culture media. The fungus was obtained in pure cultures 
from many other tubers and compared with the one just described to 
make sure that it was the true parasite under investigation. Three 
kinds of spores are produced by this fungus—microconidia, macro- 
conidia, and chlamydospores. These will be described in detail a 
little farther on. 
MYCELIUM. 

On poured plates of sugar-beet agar (789), the spores germinate in 
a few hours at moderate temperatures (20° to 27° C.) and in about 
twenty-four hours the colonies become visible to the naked eye. They 
grow in diameter rapidly, being at the end of nine days about 6 to 7 
centimeters across, if the growth is not interfered with by the sides of 
the dish or by other colonies. The margin is as a rule approximately 
circular, though not exactly so. Such a colony 9 days old is shown in 
Plate VII. These colonies are made up of concentric zones. In the 
center is a rather dense tuft about 3 millimeters high. Outside this is 
a zone in which the aerial mycelium is very short; farther out is a 
second zone of mycelium, about as dense as that in the center and 
somewhat taller—5 to 10 millimeters high. The rest of the colony 
making up the outside zone is of short mycelium, and this shows 
several concentric rings, caused by different degrees of density in the 
mycelium and abundance of spores. As the colony grows older the 
zone of taller mycelium becomes wider, but this widening is much 
slower for a time than the growth of the outer zone. Eventually, 
however, the entire colony produces the taller mycelium. Microco- 
nidia are borne in all parts of the colony, except the extreme margin 
of about 1 millimeter. They are not confined to the part above the 
surface of the substratum, but are also formed in the agar itself. In 
the extreme edge of the colony the hyphe are seen to be pushing 
out radially with very little branching, while a little farther back 
lateral branches are being pushed out (Pl. VIII, fig. 1). Still farther 
back the microconidia and macroconidia are being formed, and a 
little later the chlamydospores. While very young the mycelium is 
usually densely crowded with granular protoplasm, but later it becomes 
much vacuolated. The cells, at least many of them, are uninucleated. 


MICROCONIDIA. 


The mode of formation of the microconidia was best studied in 
plates of sugar-beet agar. For this purpose specially made petri 
dishes with extra thin bottoms were used. By inverting these on the 
stage of the microscope the growth of the fungus could be studied 
without injury or disturbance to the cultures. 
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The method by which the microconidia are produced is shown in 
Plate VIII, figures 2-12. The end of a long hypha, or more usually 
a lateral branch, is directly cut off from the remaining portion by a 
very wide constriction furrow (PI. VIII, fig. 3). The time taken to do 
this is difficult to ascertain with exactness, as the furrow is at first so 
very wide that it can not be distinguished from the many slightly 
narrower places in the mycelium found at irregular intervals. It is 
certain, however, that it does not require more than half an hour as a 
rule, and often not more than half that time. 

As soon as one of these microconidia is cut off the hypha begins to 
elongate, pushing past it, if it is embedded in the agar, so that it can not 
fall off, or shoving it out of the way. This continues until the point 
has advanced even with the farther end of the first microconidium, 
but even before this growth is complete a similar constriction furrow 
begins to cut off a second microconidium (Pl. VIII, fig. 6). This 
process continues until sometimes as many as six or eight microconidia 
are formed from one branch, and lie side by side in a little group. 
The time from the cutting off of one until the cutting off of the next 
has been observed to vary from 2 to 5 hours. ‘The microconidia are 
oval or elliptical in shape, thin-walled, one-celled, uninucleate, and 
slightly curved. They vary in length from 5.4 to 16, and in 
diameter from 2yu to 2.74, the most common size, when growing 
in this medium, being 9.8/ in length by 3.2 in diameter. 

The time required for germination varies somewhat in different 
media, and greatly for the different individuals in the same medium. 
To determine this a tube of each of several kinds of media was inocu- 
lated copiously from a culture 36 days old growing on boiled potato 
made +25 on Fuller’s scale with tartaric acid, and which contained all 
three kinds of spores in abundance. From each of these tubes two 
Van Tieghem cells were made, and examined at frequent intervals for 
several hours. The temperature of the room was from 22° to 26° C. 
The results are shown below. 

In sterile distilled water a few microconidia began to germinate in 
6 hours, and in 8 hours many were pushing out germ tubes. In 10 
hours nearly half were germinating, but none of the germ tubes were 
very much branched. In 24 hours the process had advanced but little 
farther than in 10 hours. 

In sugar-beet agar (789) germination began in 54 hours, and in 9 
hours about one-half the microconidia were germinating, though none 
were very far advanced; but in 13 hours practically all had germinated, 
and the young mycelium of many was somewhat branched. In 24 
hours the mycelium had formed many microconidia, and a very few 
macroconidia and chlamydospores. After 4 days there were numerous 
microconidia and a few macroconidia and chlamydospores. 

In beef bouillon (858) germination began in about 6 hours, and in 
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9 hours more than half the spores were germinating, though none had 
advanced very far. In 12 hours practically all had begun to germinate. 
In 24 hours a few microconidia and macroconidia had been formed, 
and a very few immature chlamydospores. After 4 days all three 
kinds of spores were numerous. 

In Raulin’s fluid (822) germination began in 6 hours, and in 9 hours 
about one-half of the spores had begun to germinate, though none had 
advanced very far. In 13$ hours practically all had begun to germi- 
nate. In 24 hours a few microconidia had been formed, but no macro- 
conidia or chlamydospores could be found. After 4 days there were 
numerous microconidia and a very few macroconidia and chlamydo- 
spores. 

In Uschinsky’s fluid (841) germination began in about 6 hours, and 
in 93 hours at least half the spores had sent out germ tubes, but these 
were not very complex. In 14 hours all the spores had begun to 
germinate. In 24 hours a few microconidia had been formed, but 
no chlamydospores or macroconidia were found. After 4 days the 
macroconidia were numerous, and there were a few microconidia and 
chlamydospores. 

As all three kinds of spores were germinated in the same Van 
Tieghem cells, it was impossible to distinguish the mycelium of one 
from that of another after the time they began bearing spores. 

In all the media except the distilled water the growth of the myce- 
lium had progressed so far in 24 hours that it would have been almost 
impossible to trace all the branches belonging to some of the individ- 
uals, though others were still quite simple. Very few were left unger- 
minated in any of the media except distilled water, where more than 
half failed to germinate. 

The germination of the microconidia is very simple (Pl. VIII, figs. 
13-15). They first swell a little and become thick in proportion to 
their length—sometimes almost spherical; then at one end a germ tube 
is pushed out, and a little later another usually forms at the opposite 
end. Later these branch and become septate. The spore itself is. 
noticeable for some time as a thickened place in the young mycelium 
and might easily be mistaken for a young chlamydospore. 


MACROCONIDIA. 


It is by this kind of spore that the form-genus /usariuwm is com- 
monly distinguished. In the one under consideration they vary much 
in size and shape, depending on the culture media used, though they 
are by no means of equal size in the same medium. Ina Van Tieghem 
cell of Uschinsky’s fluid (841), 5 days old, they vary from 104 to 364 
in length and from 3.5 to 6m in diameter, 284 by 4.54 being the 
most usual size. In this medium they are from one to five septate, 
usually three, slightly constricted at the septa, not sharp-pointed, vary- 
ing from nearly straight to very much curved (Pl. VIL, figs. 23-25). 
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In boiled potato (871), made +25 on Fuller’s scale with tartaric acid, 
they are somewhat smaller and more sharply pointed. Those found 
in the cavities of diseased potatoes are usually very blunt at the ends, 
All are thin-walled and contain 1 nucleus to each cell. 

The formation of the macroconidia is somewhat similar to that of 
the microconidia. They are not, however, borne beneath the surface 
of the substratum, and consequently drop off immediately. The proc- 
ess is therefore much more difficult to study. They are cut off from 
the ends of short lateral branches by constriction furrows (Pl. VIII, 
figs. 16-19). When first formed the macroconidia are somewhat 
smaller and less pointed than when mature, and usually have no septa, 
these being formed after 2 or 3 hours. Just how many may be con- 
stricted from the same branch was not determined definitely, because 
being borne only in the air they immediately dropped off and were 
lost, but as many as five have been counted, and probably there are 
often more. The branches that bear the macroconidia differ from 
those bearing the microconidia in having a swollen portion in the 
middle and a constricted portion at the base (Pl. VIII, figs. 16-19). 

As with the microconidia, the time of germination varies much with 
the different. culture media. 

In sterile distilled water germination began in 3 hours. In 4 hours 
about half of the macroconidia had begun to germinate and in 7 hours 
practically all were germinating. The germ tubes never became much 
branched, however. 

In sugar-beet agar (789) germination began in 5 hours; half the 
macroconidia were germinating in 53 hours, and all had begun in 8 
hours. | 

In beef bouillon (858) a few were germinating in 4% hours, half in 6 
hours, and all in 84+ hours. 

In Raulin’s fluid (822) a few were germinating in 53 hours, half in 
6 hours, and all in 8 hours. 

In Uschinsky’s fluid (841) a few had begun to germinate in 4 hours, 
half in 44 hours, and all in 7 hours. 

In all these solutions practically every one of these spores germi- 
nated. In all but the distilled water the germ tubes grew and 
branched rapidly, so that at the end of 12 hours many of them were 
too complex to be traced. This was true of nearly all after 24 hours. 
The spores which formed in these cells in 24 hours and in + days have 
been mentioned under the germination of the microconidia which 
were in the same cells. 

The germination of the macroconidia is somewhat complicated by 
the number of cells (Pl. VIII, figs. 20-22). The end cells usually 
germinate first, though this is by no means always the case, and the 
tube is sent out from the end of the cell, or, less frequently, from the 
side. Sometimes every cell in the spore germinates, but very often 
one or two near the middle of the spore fail to do so. As is the case 
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with the microconidia there is a considerable swelling just before 
germination, and the spores are to be distinguished for a long time as 
swollen places in the mycelium. 

ry ae i ° £ 2 

The macroconidia produced in cultures vary in number according to 
the medium more than do the microconidia (Tables VII, LX, and X). 


CHLAMY DOSPORES. 


The chlamydospores are produced as swellings of the mycelium. 
These may be either intercalary or terminal, on long, comparatively 
straight hyphe or short lateral branches (Pl. VIII, figs. 26-29). Some- 
times there are several on the same hypha, close together like a string 
of beads. 

The first indication of the formation of a chlamydospore is a slight 
enlargement at a certain point on a hypha, either at the tip or just 
behind a septum. This continues until a relatively large, nearly per- 
fect sphere is formed, which is cut off by cross walls shortly before it 
reaches its definitive size (Pl. VIII, figs 26-29). The time required 
for a chlamydospore to mature is much longer than for a microconi- 
dium or a macroconidium. 

The walls of these spores are relatively thick when mature, and 
seem to be made up of two layers, though this could not be brought 
out very sharply with Flemming’s triple stain. They are smooth and 
light brown in color. The size in sugar-beet agar (789) varies from 
5.5 to 134, about 104 being the usual size. All are one celled and 
each contains, at least at one stage, a single nucleus. 

In boiled rice made so strongly acid that the growth was less than 
one millimeter high the chlamydospores were the only fruiting bodies 
found. Under such conditions they vary from their normal spherical 
shape and become very irregular, sometimes to such an extent as to 
be scarcely recognizable. 

The chlaznydospores are borne in abundance both in the substratum 
and above it, if the medium is favorable. They vary considerably in 
number according to the medium used, but, as will be seen from 
Tables VI-LX, at least a few were formed in every kind of medium in 
which the fungus was able to grow. They seem to be more resistant 
to unfavorable conditions than the other two kinds of spores but are 
hardly to be considered as resting spores, since in cultures a month 
old they germinate readily in a very short time; but here also this 
varies much with the medium used. 

In the Van Tieghem cells described above, in distilled water the 
germination of the chlamydospores began in 4 hours, and at the end 
of 24 hours the germ tubes were only slightly branched. A little 
more than half entirely failed to germinate. 

In sugar-beet agar (789) a few were beginning to germinate in 5 
hours, half of them in 8 hours, and all in 10} hours. 
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In beef bouillon (858) a few had begun to germinate in 45 hours, 
half of them in 6 hours, and all in 84 hours. 

In Raulin’s fluid (822) a few had begun to germinate in 6 hours, 
half of them in 84 hours, and practically all in 124 hours. 

In Uschinsky’s fluid (841) a few were beginning to germinate in 6 
hours, about half in 9 hours, and practically all in 12 hours. 

In all the media except the distilled water the germination of the 
chlamydospores was very complete, scarcely one failing to germinate. 
In nearly all cases 24 hours’ growth had made the young mycelium 
much branched—often too much so to be followed. 

As in the case of the microconidia, the germination is very simple 
(Pl. VIII, figs. 30-33). A germ tube is pushed out from one side, 
and this grows and branches into a complex mycelium. Cases have 
been observed in which there were two germ tubes, but these were 
rather unusual. 

The chlamydospore is so much larger in diameter than the hypha 
that it remains very noticeable until hidden by the tangled mycelium. 

Table VI shows more clearly a comparison of the germination of all 
three kinds of spores on the above media. All three were studied in 
the same Van Tieghem cells—two for each kind of medium. The 
inoculations were made at 10 a. m. from a 36-day culture. The tem- 
perature varied from 22° to 26° C. In a previous experiment, made 
at a temperature of about 30° C., the germination was somewhat more 
rapid. 

TaBLE VI.—Germination of spores. 
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few of of 
Kind of me- : spores | spores/spores} Condition at the end of | Condition at the end 
dium. Kind of spores. germi-/germi-| germi- 24 hours. of 4 days. 
nat- | nat- | nat- 
ing. | ing. | ing. 
| ANI 
Hours. |Hours.| Hours. 
None of the germ tubes | 
much branched. 
Distilled |{Microconidia..... gel Beles Se More than half of the | or gel Of 24 
water Macroconidia ....| 3 4 ‘ microconidia and eatird - 
; Chlamydospores. . ~ Spel os aie ya (peace chlamydospores not | + 
germinated. 
Many microconidia and |) Very many micro- 
: +a: a very few macroco- conidia and a few 
¥ ee 53 ae 
Sugar-beet eee ay ” , nidia and chlamydo- |} macroconidia and 
agar. Chlamydospores. .| 5 Shc ape | Foptes had been chlamydospores 
eae | 3 sant of i had been formed. 
\(A few microconidia anc Se aad 
Beef bouil- |{Microconidia ..... 6 9 12 macroconidia and a es a ling ee page 
pe Macroconidia ....) 43 6 81 |) very few chlamydo-|; chiamvdospderes 
; Chlamydospores. . 4} 6 8h spores had been NE ee ee 
formed had been formed. 
Very many microco- 
Raulin’s Microconidia aa 6 9 131 |(A few microconidia but |} nidia and a very 
fluid Macroconidia .... 5h 6 | 8 no macroconidia or few macroconidia 
. Chlamydospores. - 6 8 123 chlamydospores had and  chlamydo- 
been formed. spores had been 
formed. 
Very many macro- 
Uschin- |(Microconidia..... 6 93] 14 |{A bad Sense Sa tea | conidia and a few 
sky’sflu- |{Macroconidia ....) 4 4} | 7 1) chlamydospores pigs d microconidia and 
id. Chlamydospores.. 6 | 9 | i eee Pie. chlamydospores 
had been formed. 
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The above table shows that for the germination of microconidia beef 
bouillon is rather the best medium used and distilled water decidedly 


the poorest. 

For macroconidia distilled water is a little the best for the early 
stages of germination, though Uschinsky’s fluid is nearly as good, and 
beef bouillon is rather the poorest, though there is but little difference 
between it and Raulin’s fluid. In all of the media this spore form 
everminated a little earlier than the microconidia. 

For chlamydospores beef bouillon is the best and distilled water the 
poorest. 

Though not under the head of germination, this table also shows 
that, relatively speaking, sugar-beet agar produces the most micro- 
conidia, Uschinsky’s fluid the most macroconidia, and beef bouillon the 
most chlamydospores. ‘This is extremely interesting, as it shows very 
strikingly how much the medium influences the kinds of fruiting 
bodies produced. 

Table VI also shows at how very early a period the spores are 
formed. From the fact that all three kinds of spores were germinated 
in the same cells, it would be impossible to say with certainty from 
which kind of spore the mycelium bearing microconidia, macroconidia, 
or chlamydospores came. There is much evidence, however, that the 
mycelium from any one kind will, under the right conditions, produce 
all three. 

: SCLEROTIA. 


There are produced in all cultures on boiled potato small masses 
of green sclerotia not more than 5 mm. in diameter and irregular 
in shape. These are borne at the surface of the potato, often partly 
covered with white mycelium, and were not found on any of the 
other media used, not even on raw potato. These masses are light 
green in color—about the same shade as Pendcellium glaucum. ‘They 
are rather hard, and in sections stained with Flemming’s triple stain 
appear only as tightly interwoven masses of mycelium and seem to 
have little to do with the formation of fruiting bodies. Their true 
significance and why they appear in this medium only have not been 
determined. 

GROWTH IN DIFFERENT MEDIA. 


A considerable number of different kinds of culture media was used. 
This was partly to learn the extent to which the fungus would modify 
itself under changed conditions of nutrition, but largely in the hope 
of discovering a successful method of inducing the formation of peri- 
thecia. It is a well-founded belief that many of the imperfect fungi 
could be made to bear perithecia if the right conditions were given | 
them, and it is more than probable that in some cases at least the | 
procuring of the proper kind of food may be the solution of the- 
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problem. In the case under consideration, however, the attempt was 
entirely unsuccessful, not a single perithecium being found in any of 
the cultures. Whether this was because the right medium was not 
found or because in this case the necessary condition was some other 
than that of food supply, or whether the perithecial stage has been 
entirely lost from the life history of the fungus through many genera- 
tions of asexual reproduction, can not be said with certainty at this 
time. 

Many very interesting differences in the growth were, however, 
found in the various kinds of media used. Atleast four tubes of each 
kind of medium were inoculated, of which two were kept in a dark 
closet and two were suspended ina rack close toa north window, where 
they were exposed to strong daylight but not to direct sunshine. 
Careful notes were made on all these cultures at frequent intervals for 
several weeks. In all cases the growth was apparent to the naked eye 
in 24 to 86 hours. The growth in darkness was in no case materially 
different from that in light except as to color. (See p. 48.) 

Pieces of sacks.—Many fragments of old sacks in which the potatoes 
had been stored were rolled into cylinders, thrust into test tubes, wet 
with distilled water or peptone water, sterilized, and inoculated. 
Growth was not very abundant and no perithecia developed. 

Potato agar (773).—Growth about 4 mm. high, and rather sparse. 
In darkness, pure white; in light, very faint salmon—nearly white. 
Agar not changed in color; surface smooth. 

Potato agar, peptonized (774).—Growth a very little more abundant 
than in 773; in light the salmon tint is very slightly more pronounced. 
Not different otherwise. 

Beef agar (786).—Growth rather poor, not more than 2 or 3 mm. 
high and only moderately dense. Pure white both in darkness and in 
light. The agar is somewhat browned by the fungus, and the surface 
is wrinkled and uneven. 

Sugar-beet agar (789).—Growth about 5 mm. high and very dense. 
Pure white in darkness, changing to creamy white with age; pale 
salmon in light. Agar not discolored but much wrinkled on the 
surface. : 

Beef gelatin (793).—Growth about 6 mm. high and very dense. 
White in darkness, changing to creamy; in light, rich salmon. Does 
not liquefy the gelatin. 

Litmus lactose agar (821).—Growth about 2 to3 mm. high, moderately 
dense. Grayish white in darkness; pale salmon in light. The fungus 
slowly turns the litmus blue, especially at the top of the slant, showing 
it to bean alkali producer in this medium. The change in color begins 
to be noticeable in about 10 days and goes on as long as the fungus 
remains active. It also reduces the litmus somewhat. Surface of 
medium much wrinkled. 
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Boiled potato (792).—Growth about 4 mm. high and very dense. In 
darkness, pure white, changing to creamy white; in light, rich salmon 
color. Contrast very striking. There are irregular masses of green 
sclerotia formed on the surface of the potato. The potato itself is 
gradually turned light brown. In old cultures it is much softened 
also. 

Raw potato.—Growth about 4 mm. high and very dense. In dark- 
ness, pure white; in light, very pale salmon color. None of the green 
sclerotia are produced on the surface. The fungus acts on the starch 
grains without forming notches or marks of corrosion. 

Boiled rice (796).—Growth about 4 mm. high, moderately dense. 
In darkness the mycelium is mixed pink and lilac, shading into white— 
the latter color being mostly at the extreme top of the mycelium, but 
it is to be found in places all through the culture; in light, a deep rich 
salmon color, shading into salmon pink mixed with lilac. 

Boiled beans (829).—Growth about + mm. high and rather dense. 
In darkness, pure white, changing to gray and finally to grayish brown; 
in light, the same. 

Boiled corn (828).—Growth about + mm. high and very dense. In 
darkness, creamy white with a few streaks of purple and sometimes a 
little pink; in light, the same but with a little more purple. 

Boiled wheat (827).—Growth about 4 mm. high and very dense. In | 
darkness, creamy white streaked with lilac and pink; in light, the 
same. 

Boiled tapioca (826).—Growth extremely short, scarcely rising above 
the surface of the medium, but very dense. The fungus spreads very 
slowly and does not entirely cover the surface of the slant for nearly 
two weeks. In darkness, mycelium at first pink, then lilac, with white 
in the upper part of the slant; the lilac finally turns to dark violet. — 
In light, the same, except that in the upper part of the slant the myce- 
-lium is very pale salmon. 

Boiled sveet potato (823).—Growth poor, about 3 or 4 mm. high ba 
rather sparse. The mycelium shows a strong tendency to grow into 
little bundles or ropes. In darkness, pure white, changing to yellow- 
ish white; in light, rich salmon. 

Boiled banana (824).—Growth about 4 mm. high, moderately dense, 
and, like that in 823, inclined to collect in little ropy bundles. I 
darkness, pure white, changing to creamy white; in light, rich salmon. 

Boiled prunes (830).—Growth poor, about 3 mm. high, and ra ne . 
sparse. Slightly ropy. In darkness, white at first, imne=— 
light cinnamon-brown; in the light, the same. 

Silicate jelly (833). —Growth about 3 mm. high and rather 
In darkness, at first pink, which becomes a rose color with a trace ¢ 
lilac, but the new mycelium is white; in light, the same, except fl 
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the new mycelium isa rich salmon. In both light and darkness the 
jelly is turned to a pale yellowish color. 

In all the agars, in the gelatin, and in the silicate jelly the mycelium 
seems unable to penetrate the substratum more than 2 or 3mm. In 
the other media the fungus seemed to vary considerably. In the 
boiled potato the mycelium sometimes grew from the inoculated slant 
directly through the cylinder to the opposite side. In the corn, wheat, 
beans, and rice the mycelium filled the chinks between the grains, but 
did not show in the lower part of the tubes, where the medium formed 
a solid mass. When there was some liquid in the bottom of the tube, 
as in the potato, banana, and sugar-beet cylinders, for example, the 
fungus kept above the surface of this liquid. 

Microconidia, macroconidia, and chlamydospores were found in cul- 
tures on all these media, but their relative abundance varied greatly. 
In most of the media all were present in considerable numbers, but in 
boiled tapioca and beans only occasional chlamydospores were found, 
and in boiled prunes only occasional macroconidia. Here also micro- 
conidia were fewest. 

A comparison of the cultures in these various media is shown in 
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In tubes of liquid media the growth varied greatly. 

In beef bouillon (898) the fungus formed after 5 days a rather 
dense white layer on the surface, with much mycelium down in the 
liquid. All three kinds of spores numerous. 

In Raulin’s fluid (822) the growth in 5 days was about the same as 
above, except that all above the surface was a rosy pink. Spores 
rather less numerous, especially macroconidia and chlamydospores. 

In Uschinsky’s fluid (841) the growth on the surface was a little 
less than in the preceding, and pure white. Macroconidia especially 
abundant, but microconidia and chlamydospores present also. 

In a solution (891) containing 2 per cent of Witte’s peptone, 1 per 
cent dextrose, 1 per cent maltose, and 1 per cent mannite, the growth 
on the surface of the liquid after 5 days was rather abundant and pure 
white. All three kinds of spores present. 

In water with Witte’s peptone 2 per cent, glycerin 1 per cent (892), 
the growth on the surface at the end of 5 days was rather poor and 
thin, pure white, and producing all three kinds of spores. 

In all these liquid media the growth was densest on the surface, but 
there was a loose growth of mycelium running to the bottoms of the 
tubes. These same liquids were used also in fermentation tubes, to 
be described further on. 

To determine whether or not any of the chemicals used as ferti- 
lizers in the field are markedly injurious or beneficial to the fungus it 
was grown on boiled potato, to which these substances had been 
added. Cylinders of potato weighing exactly 4 grams were put in 
tubes of such a size that when 1 cubic centimeter of liquid was added 
about one-fourth inch protruded above the surface. To three of these 
was added 1c. c. each of 10 per cent KCI; to three, 1 ¢. c. each of 10 per 
cent K,SO,; to three, 1c. c. each of 10 per cent NaNO,, making the 
chemical added 2 per cent of the final product in each case. To each 
of three others was added 1 ¢. c. of a saturated solution of freshly pre- 
pared Ca(OH),, and to three others 1 c. c. each of distilled water. 
These tubes were all heated. on three successive days at 100° for 10 
minutes. They were then inoculated with the /usarium and kept in 
a dark room. 

On the secona day after inoculation there was a little growth in all 
the tubes, but this was slightly more abundant in the checks, the oth- 
ers being about alike. On the third day the growth in the tubes con- 
taining KCl, K,SO,, and Ca(OH), was almost as abundant as that in 
the check tubes, and in the tubes containing NaNO, it was slightly 
less. On the fourth day the growth was so abundant in all the tubes 
that practically no difference could be seen. It was pure white and 
covered the entire exposed surface of the potato. 

From this experiment it is apparent that the fungus can accommo- 
date itself perfectly to these chemicals in quantities vastly exceeding 
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that which is ever stored up in a living potato tuber. It follows, 
then, as a natural conclusion that if these substances have any effect 
on the resistance of the plant to this disease it is by some modification 
in the host plant, and not because of the presence of the substances 
as such. 

Boneblack, was not used in this experiment because the principal 
ingredient that would affect the fungus is phosphoric acid, and that 
was tested along with other acids (Table LX) and found to be quite 
harmless to the fungus in not too large quantities; and the above con- 
clusions would therefore apply to boneblack also. 


GROWTH IN ALKALIS. 


To determine the behavior of the fungus on alkaline media three 
alkalis were used—potassium carbonate, sodium carbonate, and sodium 
hydroxide. These were mixed in different proportions with rice and 
water. ‘The results are shown in Table VIII. 
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The difference in growth in the different strengths of alkali was 
most noticeable at the end of 2 days. At that time there was an even 
eradation in the amount of mycelium, lessening as the strength of 
the alkalis increased until at the maximum strength the growth was 
scarcely perceptible. This was true of all three alkalis. At that 
time the growth was rather best in potassium carbonate, a little less 
in sodium carbonate of the same strength, and still less in sodium 
hydroxide. It will be noted, however, that at the time Table VIII 
was made—i. e., when the cultures had been growing for 17 days—the 
amount of growth in the different tubes had been equalized considerably. 

One of the most noticeable effects of the increasing strength of 
alkali was the decrease in the amount of pigment formed, especially 
the pink. At the end of 2 days there was in all the weak alkalis (—5) 
& very conspicuous purplish color, in those somewhat stronger (—10) 
this was a little less noticeable, but those of higher alkalinity were 
pure white. Later the purplish color changed to lilac, and in the car- 
bonates (—5) there was a little pink. 

All three kinds of spores were formed in all the alkali tubes, but in 
the higher strength the macrospores were very scarce. 


GROWTH IN ACIDS. 


To determine their effect on the growth of the fungus, a considerable 
number of acids were used, both inorganic and organic. Of the inor- 
ganic acids, phosphoric, hydrochloric, and nitric were tried. The 
organic acids used were selected partly with an idea of testing those 
most commonly found in the vegetable and animal products with which 
the fungus might come in contact in nature, but more especially with 
regard to their classification. Of the acetic series, formic, acetic, and 
butyric were taken—all monobasic; of the oxalic series, only oxalic, 
the simplest dibasic organic acid; of the hydroxy acids, malic and 
tartaric (dibasic), and citric (tribasic). As a preliminary experi- 
ment (series 1 in Table [X), these acids were mixed with boiled potato 
in such proportion as to make the product approximately +25. The 
experiment was carried on farther (series 2 in Table LX) by mixing 
the acids with rice and water in very definite proportions, so that the 
products would be of exact acidities. The results are shown in 
Table LX. 
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From the above table it will be seen that for the different acids, 
both organic and inorganic, there is a very remarkable difference in 
the degree of acidity that this fungus can endure. Butyric, formie, 
and acetic acids, the representatives of the acetic series, seemed to be 
decidedly the most injurious; malic, tartaric, and citric, the representa- 
tives of the hydroxy acid group, are much the least so. ‘This difference 
is really very great, as is shown by the fact that the fungus will grow 
in citric acid, for example, at least 25 times as strong as butyric. 

The general effect of all the acids is to increase the production of 
the pigments, both lilac and pink—particularly the latter. This is 
somewhat noticeable in the rice tubes (series 2), but much more so in 
the potato tubes (series 1), where if no acid be added the growth 
(in darkness) is almost always pure white. 

All three kinds of spores are borne in varying proportions in all the 
acid cultures in which only one acid is used, except phosphoric +150, 
hydrochloric +50, and sulphuric +50. In these no macroconidia or 
microconidia could be found, but there was a large number of chlamy- 
dospores. These were not of the normal form shown in Plate VII, 
figure 29, but were of varying sizes and shapes—often much deformed. 
This is a further indication that the purpose of these spores is to carry 
the fungus through adverse conditions. 

Table X shows the results of mixing the acids in the culture media 
in various ways. 
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This table would indicate that in the case of two acids for which the 
maximum strength that will allow growth is the same, mixing in equal 
proportions forms a product that is injurious in the same degree as 
either one alone. It also goes to show that when the maximum acidity 
at which growth can take place in any one acid is reached, the adding 
of another acid in a quanity representing half its own maximum for 
growth, or, in the case of butyric acid, the adding of tartaric in com- 
paratively small quantities stops growth entirely. The adding of a 
comparatively small amount of the slightly injurious tartaric to the 
maximum of hydrochloric (+50) did not prove much more strongly 
inhibitory than hydrochloric of the same strength alone. 


GROWTH IN THE ABSENCE OF FREE OXYGEN. 


So far as could be determined the fungus is a strict aerobe. To 
test this, inoculations were made in fermentation tubes filled with 
the following media: Beef bouillon (858); Uschinsky’s fluid (891); 
Raulin’s fluid (822); water with peptone 2 per cent + dextrose 1 per 
cent + maltose 1 per cent + mannite 1 per cent (891), and water with 
peptone 1 per cent + glycerin 1 per cent (892). Two fermentation 
tubes of each medium were inoculated. This was done by trans- 
ferring a little mycelium bearing many spores past the curve at the 
bottom of the tube, from which point it rose in every case to the 
extreme top of the closed end. At the end of a week there was a 
fairly good growth in the open ends of all the tubes, corresponding 
very well to that in the same fluids in test tubes. This growth did 
not in any case, however, extend into the closed ends more than 2 em. 
past the stem, which showed definitely that this fungus can not take its 
oxygen from the compounds contained in any of these liquids. 


REACTION TO SUNLIGHT. 


In many kinds of culture media the mycelium is white, in part at 
least, when grown in a dark closet. On some of these same media 
the mycelium becomes a beautiful rich salmon color when grown in 
sunlight. In just which media this reaction takes place, and to what 
extent, is shown in Tables VII to IX. It will be seen that the depth 
of the color varies much in different media. The most unexpected 
difference was found between boiled and raw potato. In the former 
the color is nearly as deep as in any medium used, while in the latter 
it is very pale even after a week’s exposure to north light. The time 
at which the color appears varies, of course, with the strength of the 
light. On boiled potato in north light close to a window it begins to 
be noticeable in a young culture on the second day of exposure if the 
weather is clear, and reaches its maximum on about the fifth day, after 
which it slowly fades as the mycelium dies from old age. In direct 
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sunlight one day’s exposure is enough to bring the color in a sufficient 
amount to be visible. In cultures exposed to the light for a few days 
and then placed again in darkness the new growth is white, showing 
that the action ceases practically as soon as the light is withdrawn. 

The rays of light that cause the salmon color to appear are all at 
the violet end of the spectrum. ‘To test this, eight tubes of boiled 
potato were inoculated with the //wsariwn, and two of these were sus- 
pended in a saturated solution of potassium dichromate, two in a 
1 per cent ‘solution of copper sulphate made strongly alkaline with 
ammonia and filtered to remove the copper oxide, two in distilled 
water, and two were kept in the dark. The solutions were in 16-ounce 
wide-mouthed cylindrical bottles, the tubes inserted through perfo- 
rated stoppers. The tops were wrapped well with black paper and 
the bottles set where they would get the direct sunshine in the after- 
noon. In the water the color began to appear in less than forty-eight 
hours and continued to get deeper for several days. The tubes sus- 
pended in copper sulphate and potassium dichromate solutions were 
first examined on the fifth day, and in the former there was a fairly 
deep salmon color, while in the latter the mycelium was pure white 
and continued so as long as the experiment was carried on, which was 
nearly six weeks. 

This light reaction may perhaps be valuable as distinguishing this 
Fusarium from others, as some have been tried in which the color did 
not appear. It is not strictly confined to this species, however, for it 
was found to be very marked in a Fusariwmn obtained from the inte- 
rior of a cowpea vine, and which is probably the Weocosmospora 
described by Smith.¢ 


RANGE OF TEMPERATURE FOR GROWTH. 


The fungus grows very well on boiled potato at temperatures from 
about 15° to a little above 30° C. Below 15° the growth is slower and 
slower as the temperature is reduced, until at 5° C. the increase in the 
cultures from day to day is hardly perceptible. At 374°C. no growth 
takes place in cultures that have been started at room temperature, 
and at the end of a few weeks’ incubation at this temperature the 
cultures were entirely killed. This may perhaps be one reason why 
the fungus did not pervade the stems above ground. In the roots 
the temperature is kept somewhat reduced by the earth, but in the 
stems growing in the sun it presumably often rises above 37$~ C. in 
Washington summer weather. 
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NAME OF THE FUNGUS, 


Many specific names have been given to /usaria growing on the 
potato, and while some of these names may stand for distinct forms, 
this is not at all certain. Most of these names undoubtedly are syno- 
nyms, and for the purpose of this paper all are regarded as such. 
The earliest available name, therefore, has been used for the parasite 
under consideration, viz, /usardum oxysporum Schlechtendal, 1824. 
The following are some of the names that have been applied to 
Fusarium growing on the potato, the specific differences, as will be 
observed, being only such as are now known to occur in pure cultures 
of the same fungus when grown under varying conditions, viz, slight 
differences in compactness of mycelial growth, variations in size and 
shape of spores, number of septa, odor, and color. The appended 
descriptions, when not otherwise stated, are translations from Saccar- 
do’s Sylloge Fungorum. 

1824. Fusarium oxysporum Schlechtendal. 

Sporodochium convex, subverrucose, rosy, finally breaking forth, rugulose and 
confluent; conidia small, curved, and very acute at both ends. On half-rotten 
tubers of potato. Schlechtendal himself says: ‘* F. stroma convexum erumpens 
varium roseum superficie inaequali rugulosa, sporidiis parvis curvatis utrinque 
acutissimis,”’ 

1842. Fusarium ( Fusisporium) solani (Martius) Saccardo. 

(Sporodochium) globose, irregular, tomentose, whitish; hyphze branching; 
conidia fusiform-faleate, 8-5 septate, 40-60 x 7-8, subhyaline. 

Fusarium ( Fusisporium) solani-tuberosa Martius. Berkeley says this is Periola 
tomentosa Fries. 

Kusarium (Fusisporium) solani-tuberosa Desm, is transferred by Saccardo to 
Pionnotes as P. solani-tuberosa. 

1846. Fusarium didymum Harting. 

Same as Fusarium solani, according to De Bary. 

L851. Fusarium (Fusisporium) roseolum (B. and Br.) Saccardo. 

Sporodochium rosy red, delicate, floecose; hyphze short, conidia curved, 
elongate, somewhat obtuse, 3-6 septate, subtorulose. Berkeley says of this: ‘Of 
a delicate rose red, forming thin floecose patches; fertile threads short; spores 
curved, elongated, slightly obtuse, 3-6 septate, often slightly projecting at each 
dissepiment.”’ 

1869. Fusariwn violaceum Fuckel. 

Sporodochium widely spreading, with a pleasant odor, violet czerulean; coni- 
dia fusiform, 2-3 septate, curved, 24-30 x 5-6. According to Saccardo, Fuckel’s 
species is the same as Selenosporium ceruleum Lib. in Herb. ec. icone, and he 
substitutes the name F. ceruleum (Lib. ) Saccardo. 

1878. Fusarium diplosporum C. and E. 

Rosy, pulvinate; some conidia fusiform, acute at both ends, arcuate, nucleate, 

finally becoming 3-septate, 40 long; others elliptical, uniseptate, 18 Su. 
1886. Fusarium commutatum Saceardo. 

Sporodochium widely spreading, white, mealy-flocecose; sporophores contin- 
uous, branching; branches ascending, subalternate; conidia at first globose, 
then fusoid, 3-septate, slightly curved. This is the fungus described and figured 
by Bonorden in 1851 as F. candidum Ehrenb., but Saccardo says hardly 7. candi- 
dum of Ehrenberg, and rejects the name apparently because of F. candidum Link. 
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IS88 (?). Fusarium pestis Sorauer, 

Sorauer may have described this fungus in some publication not seen by the 
writers, but there is no description of it in his Atlas other than what might apply 
to any of the foregoing. The brown spots on the stem are surrounded by a 
loose white narrow zone of hyphie growing out of the stomata; later the black 
place is covered by a chalky white effloresence (the fungous tufts). 

189l. Fusarinn wruginosum Delacroix. 

Sporodochium large, hemispherical, varying from bluish to greenish (‘‘e cyaneo 
eeruginosis’’), sporophores branching, sparingly septate, hyaline, with rather 
short branches; conidia falcate, 3-5 septate, not constricted, granular, hyaline or 
slightly greenish, 20-25  4-5y. 

1895. Fusariwn acuminatum Ell. and Ey. 

The authors describe this fungus as follows: ‘‘Sporodochia gregarious, minute, 
white at first, then flesh-colored; conidia faleate, attenuate-acuminate at each 
end, 3-5, exceptionally 6-septate, not constricted, arising from slightly elongated 
cells of the proligerous layer, in which respect it differs from the usual type of 
Fusarium. Quite distinet from F. diplosporum C. and E., which also occurs on 
the same host.’’ 


1896. Fusarium affine Fautr. and Lamb. 
Sporodochia amorphous, dirty white, superficial or internal; conidia hyaline, 
cylindrical, attenuate, straight, at first simple then uniseptate, biguttulate, 10-15 
x 4 (inside of the stem). Authors describe external spores as 18-20 « 2y. 

If the potato disease here described is identical with the sleepy 
disease of tomatoes, as seems probable, then /usariwin lycopersice 
Sacc. may be added to the above. 

Judged by the above descriptions, we have had a half dozen or more 
species of Husarvum in our culture tubes, some of them ‘* new species,” 
and yet all were the product of a single spore. This does not mean 
that there have been in our cultures any very wonderful transmuta- 
tions of one thing into another, but only that organisms respond to 
their environment, and that ‘‘species descriptions” of the kind cited 
have not taken this fact into consideration, and consequently are worth- 
less for scientific purposes. This is not a new idea, but it is a fact to 
which the attention of systematic mycologists might be directed profit- 
ably at frequent intervals. 


GEOGRAPHICAL DISTRIBUTION OF THE DISEASE. 


There is good reason for believing that this disease is very widely 
distributed over the United States. ‘* Dry rot” has been known to 
be one of the most serious potato troubles for many years, and though 
it has not been so clearly described in most cases as to establish its 
identity with the disease under consideration, yet it is extremely prob- 
able that, in many cases at least, it is due to the same fungus. 

It has been definitely identified from several different and widely 
separated States. As already stated, it was received in large quanti- 
ties from Hubbardston, Mich., in 1899. In April, 1903, it was sent 
in from Alleghany Station, Va., where it had done very great damage 
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to stored potatoes during the winter, so that the grower had been 
obliged to feed them to his hogs. About a half bushel of these pota- 
toes was sent to the Department of Agriculture, and when cut open 
a large proportion showed the disease. Its identity was further estab- 
lished by microscopical examination and by making cultures of the 
fungus from the discolored part of the tubers. One diseased tuber 
was received from Manhattan, Kans., where there had been much loss 
in stored potatoes. This tuber was browned in the vascular ring 
throughout its entire extent. A few diseased vines and tubers were 
received in the summer of 1903 from Nebraska, where considerable 
injury was reported. Our own crop, raised on the Potomac Flats, 
established the presence of the disease in the District of Columbia. 
The disease reported by Stewart from several parts of New York State, 
and mentioned at the beginning of this paper, appears to be the same. 
It has also been sent to the Florida station of this Department from 
several of the Southern States. In the fall of 1903 it was observed in 
the vicinity of Madison, Wis. 

It seems, then, safe to say that this disease extends north to Canada, 
east to the Atlantic, south to the Gulf of Mexico, and west to Colo- 
rado. How much wider its distribution is in this country can not be 
stated at the present time, but it is almost undoubtedly beyond the 
limits from which it has been so far reported. 

If the disease in England, Germany, France, and Belgium be the 
same, it is certainly also widely prevalent in Europe. 


REMEDIAL MEASURES. 


As the fungus enters the plant below the surface of the ground and 
may gain access at any time during the season, it is very dificult to 
combat. Spraying with Bordeaux mixture and other fungicides has 
not been tried, but as these can be applied readily only to the tops 
there is little reason to expect beneficial results. 

Adding chemicals to the soil as fertilizers might be expected to help 

yard off the disease, but so far as experiments of this kind have been 
carried out by the writers they have given practically negative results. 

The selection of resistant plants of different varieties will be likely 
to prove of the most value. Our varieties all suffered severely with 
the disease, but some plants escaped, while others contracted the dis- 
ease early in the growing season. In 1903, in our plots, above-ground 
symptoms were visible on a few plants as early as July 15, and many 
diseased plants were to be seen on July 22. A month later the disease 
was very conspicuous on the foliage in all parts of the field, but there 
were still many plants which showed no symptoms. Experiments 
with other varieties would be likely to establish the same partial 
immunity, and from the most resistant of these plants it is probable 
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that hardy strains could be originated. According to Frank, the 
German disease also attacks some varieties more readily than others. 

Planting on soil free from the disease, with sound tubers obtained 
from localities where the disease does not occur, is certainly to be 
recommended. The stem end of every tuber should be cut off and 
inspected before deciding to plant it. It is much easier to keep this 
fungus out of a soil than to overcome it when it is well established. 
It should be regarded in the same light as a very noxious weed, and 
every effort must be made to keep the potato fields free from it. A 
word to the wise is sufficient. 

If tubers affected with this disease are used for seed, the resulting 
erop and successive crops will be attacked, as the fungus is thereby 
placed in the best possible position to infect the young roots, even if 
it does not grow into the new plants directly through the sprouts, 
which it is extremely likely to do. 

It is of equal importance to avoid planting potatoes for several years 
on land where the disease has appeared, as the fungus keeps alive in 
the soil for some time—how long has not been determined.“ Such 
infected land should be used for other crops, preferably cereals or 
grasses. Badly diseased tubers should not be fed to stock, as the heat 
of the animal body for so short a time is not sufficient to kill the spores, 
nor would the digestive fluids be likely to do so, and they would therefore 
be thrown out on the land ready to attack another crop. They should 
be burned or buried on waste land in a deep pit, with the addition of 
some barrels of caustic lime. 

It has already been shown that when the potatoes are harvested the 
extent of the disease in those affected is usually comparatively slight— 
often quite unnoticeable to the casual observer.’ It is while they are 
in storage that the greater amount of the destruction and consequent 
loss takes place. It becomes of very great importance, therefore, to 
know how to handle these slightly diseased potatoes so as to prevent 
the further progress of the fungus. 


«In the case of several diseases of this type it is known positively that land once 
infected remains infected for many years. 

bIf a potato disease that prevailed extensively in the fall of 1903 in several counties 
in Minnesota, which has been received more recently from Maryland and reported 
from Michigan, be the same, then this statement must be modified. This disease 
appears to follow wet weather, and is characterized by a hard, black stain running in 
from various parts of the surface of the tuber, often involving nearly the whole tuber, 
and seldom more than one centimeter deep. The infection in this disease is not by 
way of the vascular system, but seems to be from any part of the soil in contact with 
the tuber, and probably by way of the lenticels. The disease suggested Phytophthora, 
but the mycelium found in the tissues on microscopic examination did not belong to 
thisfungus. Two sets of poured plates yielded Fusarium colonies, and the third set 
only some scattering bacteria. The losses in Minnesota amounted to thousands of 
dollars. Early digging would undoubtedly have prevented most of this loss. 
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First in importance is the question of temperature. Potatoes that 
show a slight trace of brown color in the flesh at the basal end should 
never be stored in warm rooms. ‘They should be kept in a place as 
cool as it is possible to obtain without danger of freezing, i. ¢., at or 
below 40° F. ‘This low temperature may be had in cool cellars, but is 
best obtained by our modern cold-storage processes, and here there is 
little danger of loss by continued growth of the fungus. For the aver- 
age potato grower, however, cold storage is a process too expensive 
to be practicable. He must resort to storing in the ground or in 
cellars. Of these, pits in the ground or cellars under barns are likely 
to be cooler during the winter than cellars under houses, and on that 
account would be preferable for these slightly diseased potatoes, 
though there is, of course, a vast difference in the temperature of 
house cellars. 

Where it is not practicable to store in a decidedly cool place, such 
potatoes should be sold in the fall. Except for the browned region 
at the base, the potatoes are not disqualified for eating, and this part, 
if not too extensive, can be removed in paring. This, however, 
involves a waste, and the quality of the unattacked parts of many of 
these tubers seems to be inferior. There is no danger in using these 
partially affected tubers. Cooking kills the fungus; but even if the 
tubers were eaten raw the fungus could do no harm to a human being, 
as it has been shown that it can not grow at blood temperature—37¢° C. 

Moisture is another factor to be considered, though to a much less 
extent than temperature. The fungus can grow readily and even 
rapidly in the tubers in a very dry air, but it has been shown that in a 
moist atmosphere there is a much greater production of mycelium on 
the surface, and consequently more spreading of the rot by contact. 
Furthermore, the tubers killed by the fungus, if kept dry, shrivel up 
and undergo no further change, but if there is moisture present they 
are invaded by various soft bacterial rots that may spread into the 
sound potatoes by contact, and thus increase the loss. 

To recapitulate: 

(1) Plant only sound tubers on uninfected land. 

(2) Reject badly diseased tubers and store slightly diseased ones in 
a cool dry place, i. e., at 35° to 40° F. 

(3) If rejection and storage can not be carried out as recommended 
above, sell soon after digging, or at least as early as December. 

(4) When there is any suspicion, buyers should always keep the 
potatoes in cold storage. 

(5) Stake the soundest, best-looking plants on diseased fields and 
save the tubers from such plants for further experiment in the hope 
of originating resistant strains. 
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That the reader may obtain a more accurate knowledge of the com- 
position of each kind of medium used in the foregoing experiments 
and the details of the process by which it was made, to aid him in 
interpreting any peculiarities of the results the following deseriptions 
are given. Unless otherwise stated in the text, the media were all 
used for tube cultures, and the tubes of the agar, the @elatin, the silicate 
jelly, and the boiled tapioca were all hardened at a long slant. When 
the nature of the medium was such that it could readily be measured, 
10 cubic centimeters was the amount used for each tube. It is not to 
be understood that the following methods of procedure are recom. 
mended as always in all respects the best, but they are referred to 
only as those actually used. 

Potato agar (773).—Very smooth, sound potatoes were thoroughly 
scrubbed, washed five times in distilled water, pared, washed again in 
distilled water, and sliced thin. To 200 grams of sliced potato were 
added 500 ¢. ¢. of distilled water, and the whole was heated in a 
steamer for 1} hours at 75° to 85° C., then filtered hot, without 
pressure, through a clean towel. Water was then added to bring the 
amount up to 500 ¢.c. To half of this (250 ¢. c.) was added 7.5 grams 
of Lautenschliiger’s agar flour that had been heated with 250 c. c¢. of 
distilled water in an autoclave at 110° C. for 15 minutes. The potato 
infusion and the agar solution were then thoroughly mixed and heated 
in an autoclave at 110° C. for 10 minutes. 

eptonized potato agar (T74).—Like 773 but with the addition of 
enough of Witte’s peptonum siccum just before mixing with the agar 
solution to make the whole one-half per cent. The potato infusion 
used was half of the 500 ¢. ¢. prepared for 773. 

Beef agar ((86).—To one part finely chopped lean beef (918 grams) 
were added two parts (1,836 ¢. ¢.) distilled water. This was kept in a 
water bath between 50° and 60° C. for an hour, and then heated at 
100° C. for an hour. It was then filtered hot in a meat press through 
a clean towel and cooled and filtered again through filter paper. 
Enough of Witte’s peptonum siccum to make the final product 1 per 
cent was added and the whole heated to 100° C. for an hour and fil- 
tered through paper. Water was then added to bring the total 
amount back to 1,836¢.¢. This bouillon was then titrated with phenol- 
phthalein, and NaOH was added to make it +15 on Fuller’s scale.4 
To 1,000 ¢. ¢. of this bouillon was added 10 grams of Lautenschliger’s 
agar flour, and this was heated at 100° for half an hour and then 
cooled down below 60° C. The neutralized whites of two eggs were 
then added and thoroughly mixed to clarify the medium. It was then 
heated to 100° for one hour, filtered through paper, and autoclaved 
for fifteen minutes at 110° C, 


“See footnote on p. 41. 
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Sugar-beet agar (789).—A large sound sugar beet was thoroughly 
scrubbed, washed in distilled water, pared, and grated fine. ‘To 1,000 
evrams of beet pulp was added 1,500 c. c. distilled water, and the whole 
was heated at 100° C. for half an hour, then filtered under pressure 
through a clean towel. Water was added to the liquid to bring the 
total amount up to 2 liters. This was titrated and found to be +3 on 
Fuller’s scale. No alkali was added. Ten grams of agar flour were 
added, and it was then heated at 100° for three-quarters of an hour, 
filtered through filter paper, and heated again on three successive days 
for LO minutes at LOO? C. 

Boiled sugar beet (790).—From the same beet used in making the 
above, cylinders about 14 inches long were cut with a large cork borer. 
These were washed in distilled water and trimmed to a lone slant at 
one end. They were then put in test tubes with a little distilled water 
and heated on three successive days for 10 minutes at 100° C, 

Boiled potato (792).— Large sound potatoes were thoroughly scrubbed, 
washed in distilled water, pared, washed again, and cut into cylinders 
about 14 inches long with a large cork borer. These cylinders were 
washed in distilled water, trimmed to a long slant at one end, washed 
again, and put in test tubes with a little distilled water. They were 
heated on three successive days in a steamer for 10 minutes at 100° C. 

Beef gelatin (793).—To 500 ¢. ce. beef bouillon (made precisely like 
that used for beef agar 786, including 1 per cent peptone) was added 50 
grams of Nelson’s No. | photographic gelatin. This was allowed to soak 
for 1} hours, then heated ina steamer for 5 minutes at 100°C. It was 
titrated with phenolphthalein, and NaOH was added to make it +15 
on Fuller’s scale, then heated at 100° for 20 minutes and filtered. 
Heated in tubes on first day 10 minutes, and on second and third days 
5 minutes each at 100° C. 

Boiled rice (796).—Clean rice, 24 grams, and distilled water, 10 ¢. ¢. 
per tube, were heated in the autoclave for 10 minutes at 115° C. 

Litmus lactose agar (821).—To 500 ¢. ec. of beef agar made like 786 
was added 10 grams of lactose and just enough of Merck’s purified 
litmus to make it a bluish color. Heated 10 minutes at 100°, pipetted 
into tubes, and heated on three successive days at 100° C. The tubes 
were laid so that the agar hardened at a long slant. 

Raulin’s fluid (822).—To 1,500 ¢. ¢. distilled water were added, in 
order: Cane sugar, granulated, 70 grams; tartaric acid, + grams; 
ammonium nitrate, 4 grams; ammonium phosphate, 0.60 gram; potas- 
sium carbonate, 0.60 gram; magnesium carbonate, 0.40 gram; ammo- 
nium sulphate, 0.25 gram; zine sulphate, 0.07 gram; ferrous sulphate, 
0.07 gram; and potassium silicate, 0.07. This mixture was heated on 
3 successive days, for 15 minutes, at 100° C. 

Boiled sweet potato (823).—Several small sweet potatoes were 
scrubbed, pared, washed in distilled water, cut into cylinders with a 
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large cork borer, trimmed to a long slant at one end, and put in tubes 
with a little distilled water. Autoclaved for 10 minutes at 110°C. 

Boiled banana (824).—Pieces of barely ripe yellow banana about 4 
by 14 inches were put in tubes with a little distilled water. Auto- 
claved for LO minutes at LL0° C. 

Boiled rice (825).—Like 796. 

Boiled tapioca (826).—Tubes were filled to the depth of 1 inch 
with pearl tapioca, and 10 ¢. c. of distilled water was added to each. 
After soaking for 4 hours they were autoclaved in a slanting position 
for 15 minutes at 115° C. 

Borled wheat (827).—Tubes were filled to the depth of # inch with 
soft red wheat and 10 c. ¢. distilled water added. This was allowed 
to soak over night and then autoclaved three times for 15 minutes 
at 115° C. 

Boiled corn (827).—Tubes were filled to the depth of # inch with 
white dent corn, coarsely cracked, and 10 ¢. ¢. of distilled water added. 
After soaking for 83 hours they were autoclaved 3 times for 15 minutes 
at 117° C. | 

Boiled beans (829).—Tubes were filled to the depth of ~ inch with 
coarsely cracked white navy beans and 10 ¢. c. distilled water added. 
After soaking + hours they were autoclaved for 15 minutes at 115° C. 

Boiled prunes (830).—Several pieces of best quality prunes were put 
in tubes and 10 ¢. ¢. distilled water added. After soaking for 4 hours 
they were autoclaved for 10 minutes at 110° C. 

Boiled sugar beet (831).—Made exactly like 790, except that the 
beets used were less than half grown. 

Silicate jelly (833).—To 100 e. ¢. of hydrochloric acid, sp. gr. 1.10, was 
added drop by drop 100 ¢. c. sodium silicate, sp. gr. 1.107, the mix- 
ture being stirred constantly. This was dialyzed for 6 hours in run- 
ning water. To 200 c. c. of this was added 50 ¢. ¢. of a solution like 
Raulin’s, but more concentrated, the same weight of salts being used, 
but only 200 c. ¢. of water instead of 1,500 ec. c. After thorough 
mixing, 10 ¢. c. quantities were pipetted into tubes and then were put 
in the autoclave in a somewhat inclined position and heated for 10 min- 
utes at 110° C. The steam was not allowed to escape while the auto- 
clave was cooling, and the jelly came out homogeneous and clear, and 
sufficiently hard. . 

Uschinsky’s fluid (841).—To 500 c. c. of distilled water were added: 
Glycerin, 15 c. c.; ammonium lactate, 3 c. ¢.; sodium chloride, 1.5 
grams; sodium asparaginate, 1.5 grams; dipotassium phosphate, 1 
gram; calcium chloride, 0.05 gram; magnesium sulphate, 0.05 gram. 
This mixture was heated for 30 minutes at 100°, filtered, tubed, and 
autoclaved for 10 minutes at 110° C. 

Beef bouillon (858).—This was made exactly like the bouillon for 
agar No. 786, except that 1,165 grams of beef and 2,330 ¢. ¢. of water 
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were used, and the solution was heated only half an hour just after 
the peptone was added. — It was finally autoclaved 10 minutes at 115” C. 
The acidity was +15 and the peptone | per cent. 

Boiled potato (865).—Made exactly like 792. 

In sterilizing the following media the autoclave was heated to the 
boiling point, the tubes put in cold, and the cover screwed down 
immediately. As soon as steam began to come out freely, which was 
before the tubes were heated through, the vent was closed and no 
steam was allowed to escape until the sterilization was finished and 
the autoclave cooled down below the boiling point. ‘This was to pre- 
vent any escape of the acids. All the tubes containing acids were 
autoclaved for 10 minutes at a temperature varying between 105° 
and LOT° C, 

The acids used were all titrated with great care and accuracy, N 20 
sodium hydroxide and phenolphthalein being used. ‘They were in all 
cases retitrated after diluting to the proper strength. 

S66.A to L.—These were made by preparing potato cylinders like 
those in 865, and adding to each tube before sterilizing a little water 
and 1c. ¢. of acid +250. As the size of the potato cylinder and the 
amount of water were made so that together they would weigh as 
nearly as possible 9 grams, the approximate acidity of the product in 
ach case was +25. The acids used are shown in Table LX, series 1. 

S72 to 8S83.—Made by heating together rice water and acids in such 
proportions that the products would be of the exact acidities given in 
Table LX, series 2. The acids used for making the tubes of acidities 
up to and including +150 were all +250, those for +200 and +300 
were +500, and the tartaric for +400 and +500 was +1,000. The 
amount of rice used for each tube was such that the cultures should 
be neither too wet nor too dry, and varied with the different acids. 

SS}. to SS6.—In preparing these alkaline media the sodium hydroxide 
used was from the N 20 used in titrating acid solutions, while the car- 
bonate used were made —100 on Fuller’s scale. In titrating them 
phenolphthalein was used as an indicator, and residual titration was 
resorted to (see Sutton’s Volumetric Analysis, Sixth Edition, p. 50). 
In this sulphuric acid N 20 and sodium hydroxide N 20 were used. 
These alkalis were mixed with rice and water in proportions to give 
exactly the alkalinities stated in Table VIII. 

S895 .A to O.—The acids used in preparing these media were all +250. 
They were mixed with rice and water in proportions to give the 
acidities shown in Table X. All were autoclaved for 10 minutes 
at 110° C. 

Raw potato cylinders (896).—Several large sound Burbank potatoes 
were thoroughly washed, soaked 5 minutes in 1:1,000 corrosive subli- 
mate water, washed again in distilled water, pared with a sterilized 
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knife, and washed again in distilled water. From these potatoes cy] 
inders were cut with a sterilized cork borer and allowed to drop 
directly into tubes containing a little autoclaved distilled water. They 
were allowed to incubate for 2 weeks at 37$° C., and for 2 weeks longer 
at room temperatures; and at the end of that time all that showed any 
signs of bacterial or fungous growth were discarded. ‘They were at 
this time nearly black on the surface from oxidation. 


SUMMARY. 


(1) This bulletin deals with a potato disease common over a consid- 
erable portion of the United States and variously known as bundle 
blackening, stem rot, dry end-rot, and dry rot. 

(2) The bundle blackening and dry end-rot of the tuber are two 
stages of the same disease. This begins in the field in the underground 
stems and roots. 

(3) A fungus is always present in the darkened vascular bundles of 
the tubers in sparing amount, and cultures therefrom have shown this 
to bea Fusarium. 

(4) The above-ground symptoms are slow change of color, dwarfing, 
more or less rolling or curling of the leaves, and, finally, a wilt of the 
foliage and the falling down of the stems. 

(5) The first symptoms in the tuber are nearly always at the stem 
end in the form of browned or blackened vascular bundles. During 
this stage of the disease the tubers are sound externally. The dark 
stain in the vessels may finally extend to the eye end of the tuber, the 
parenchyma within and without remaining sound and white or becom- 
ing yellowish as the fungus invades it (finally shriveled, grayish brown, 
and hard), or else breaking down with mixed infections including 
various soft bacterial rots. 

(6) The fungus grows readily ina great variety of culture media. 
It varies considerably in form, color, and sporification according to 
the environment. On cooked potato and in a number of other media 
it is white when grown in darkness but bright salmon when exposed 
to the light. On cooked beans the fungus is gray both in light and in 
darkness. Under varying conditions various colors were obtained, 
e. g., purple, violet, lilac, pink, rose, yellow, cream, salmon, cinna- 
mon, gray, and green. Macroconidia were more abundant in some 
media than in others, and in certain acid media only distorted chlamy- 
dospores were produced. 

(7) The fungus tolerates large amounts of some kinds of acids, e. g., 
malic, citric, and tartaric, and is inhibited by small amounts of others, 
e. g., formic, acetic, and butyric. It endures considerable amounts of 
alkalis, and these have a tendency to keep the mycelium white, or 
when in excess to make it yellowish. 
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(8) The fungus is aerobic. It does not grow at 374° C. (blood heat) 
and grows with extreme slowness at 5° C, (41° F.). It grows well 
between 15° and 30° C, 

(9) The fungus attacks the plant from the soil and winters over in 
the earth. In land frequently planted to potatoes it can probably 
maintain itself indefinitely. 

(10) A copious use of fertilizers, such as lime, phosphates, nitrates, 
and potash salts, did not enable the plants to overcome the disease, 

(11) The disease continues in stored potatoes, and if they are kept 
in warm rooms the loss during the winter is likely to be large. 
Tubers stored by the writers in warm rooms, whether moist or dry, 
became badly diseased. Those stored in a cool place kept much better. 

(12) Diseased tubers, therefore, should be stored in cool, dry rooms 
and used early in the season. They should not be fed raw to stock. 

(13) Infected land should be planted to other crops for a series of 
years. Tentatively, at least, it would be best to exclude also tomatoes, 
egeplants, and peppers from such land. . 

(14) The greatest care should be taken to avoid the infection of 
healthy land by the planting of diseased tubers. All tubers designed 
for seed should be cut at the stem end and carefully inspected before 
planting. } 

(15) Diseased tubers should not be thrown on the manure pile. 

(16) If the new wet-weather disease of potato tubers mentioned in 
the footnote on page 53 be due to this same fungus, then some modi- 
fications should be made in the statements in paragraph 5. It is prob- 
able, also, that in some climates or conditions the fungus will be found 
growing out into the parts above ground. 
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Haier, Ernst. Pest-Krankheiten. Stuttgart, 1895, p. 125. 

Exuis and Evernarr. Proc. Acad. Nat. Sci. Phila., p. 441, 1895. 

[Describes a F. acuminatum from living potato stems. ] 

Srewart, F. C. Another Stem-Blight of Potatoes. In Bul. No. 101, N. Y. Agr. 
Exp. Sta., Geneva, N. Y., 1896, p. 83. 
[ Melanospora ornata was frequently found inside the stems killed by this disease. ] 
Srewart, F.C. A New Fusarium on Potato Stems. In Bul. No. 101, new series, 
N. Y. Agr. Exp. Sta., Geneva (N. Y.), Feb., 1896, p. 85. 

[This is the one described by Ellis and Everhart as F. acuminatum. Some potato 
stems sent to the station were observed to be girdled by a pink fungus. The dis- 
ease is said to have spread rapidly for a few days in midsummer and then disappeared 

80 that additional material for study could not be obtained. ] 

Wenner, C. Ber. d. deut. Bot. Ges. 14, Berlin, 1896, No. 3, pp. 101-107, fig. 3. 
Frank, A. B. Die Krankheiten der Pflanzen. 2te Auflage, 2ter Band, p. 359. 
| Berlin, 1896. Fusarium pestis. 

Frank, A. B. Fusarium solani. Kampfbuch. Berlin, 1897, p. 199, 1 fig. 


“This list includes some of the more important references, but no attempt has 
made to give a complete bibliography. 
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Werumer, C. Ansteckungsversuche mit Fusarium solani (Die Fusarium-Fiiule) in 
‘Untersuchungen tiber Kartoffelkrankheiten.’”’ Centralb. fir Bakt. u. Par., 
*te Abt., Bd. I], Jena, 1897, pp. 727-743, mit 2 Tafeln. 

Frank, A. B. Die Fusarium Fiule. In Untersuchungen tiber die Verschiedenen 
Erreger der Kartoffelfiiule. Ber. d. deut. Bot. Ges., Bd. XVI, Berlin, 1898, 
p. 279. 

Warp, H. Marsuaue. Annals of Botany, Vol. XII, pp. 561-564. London, 1898, 

[Describes an undetermined fungous disease of potatoes. Judging from his 
account this was probably due to the Fusarium described in this bulletin. ] 
Wenner, C. Ztschr. Spiritusind. 21 (1898), No. 48-49. 

Srewarr, F. C. The Communicability of Potato Stem-Blight. In Bul. No, 138, 
N. Y. Agr. Exp. Sta., Geneva, N. Y., 1898. 

[The date given on the cover is Dec., 1897, but the date of the letter transmitting 
the Bulletin to the State Commissioner of Agriculture for publication is Feb. 7, 1898. 
‘“The stem-blight herein discussed is the one described by the writer in Bul. No. 
101 of this station, pp. 83-84.’’] ; 

Rours, P. H. So. Car. Sta. Rpt., 1900, pp. 21-28. 

[Note on a disease of potato thought to be caused by Fusarium. ] 

Bernarp. Compt. Rend. T. 132, pp. 355-357. Paris, 1901. See also T. 131, pp. 
626-629, 1900. 

[Potato tubers are supposed to be galls due to the stimulating influence of F. solani. ] 
Detacrorx, G. Jour. Agr. (Paris), 1901, Sept. 7, p. 7. 

[Reports a form of Fusariwn associated with a bacterial disease of potatoes sup- 
posed to be due to Bacillus solanacearum. } 


DESCRIPTION OF PLATES. 
PLATES. 


Piare |. Frontispiece. Potato plant in which part of the shoots appears healthy, 
and part is affected with the Fusarium disease, showing difference in the habit of 
the affected part and particularly in the appearance of the leaves. 


Puate II. Potato plant in a somewhat advanced stage of the disease, the foliage 
wilted and drooping, but the shoot not yet fallen over on the ground. 
‘ 


Piate III. Potato plant in a late stage of the disease, the shoots prostrate on the 
ground and the leaves drying up. 


Piate IV. Sections cut across diseased tubers at the stem end, showing an earlier 
stage of invasion of the vascular system by the fungus than that shown in Plate V. 
Natural size. 


Puiate V. Figs. 1 and 2.—Sections cut across middle of diseased tubers, showing 
blackened condition of the vascular system. Fig. 3.—Tuber similar to Fig. 1, with 
the cortex carefully pared away so as to show the longitudinal extension of the brown 
stain in the vascular system. Fig. 4.—A later stage, showing extension of the disease 
to the whole interior of the tuber and tufts of white mycelium in the central cavities. 
Figs. 5 and 6.—More advanced stages of the decay, showing large central cavities 
filled by the fungus. More advanced condition than is shown in Plate IV. Natural 
size. 

PuiaTE VI. Late stages of the disease in stored tubers exposed to warm, dry air. 
Tubers shriveled and hard. Some free from surface mycelium. Others with masses 
of the fungus on the surface and in closed cavities. 


Puiate VII. A single colony of the fungus nine days old in a petri-dish culture on 
sugar-beet agar. Mycelium grown from a single spore. 


Piatre VIII. Drawings made with the aid of the camera lucida, showing develop- 
ment of the fungus. Fig. 1.—End of submerged hypha from the margin of a colony 
(see Pl. VIL) on sugar-beet agar in a petri-dish culture, showing habit of growth and 
branching. > 108. Fig. 2.—End of submerged hypha from a colony similar to that 
shown in fig. 1. This hypha has begun to form microconidia, which may be seen on 
the end and on short lateral branches. > 108. Figs. 3-12.—Tip of a hypha from 
mycelium similar to that in figs. 1 and 2, showing in detail the formation of micro- 
conidia. The hypha is submerged in the agar and the microconidia remain in 
approximately the position in which they were formed. The time required for their 
formation may be judged from the appended figures, the hypha being under observa- 
tion for several hours. » 324. Figs. 13-15.—Stages in the germination of a micro- 
conidium in sugar-beet agar ina Van Tieghem cell. In fig. 15 one cross-septum has 
been formed and several vacuoles have become visible. The spore was put into the 
germinating chamber at 10 a. m. and began to germinate much sooner than is usual. 
x 480. Figs. 16-19.—Part of a hypha growing in Uschinsky’s fluid in a Van Tieghem 
cell, showing in detail stages in the formation of macroconidia on a swollen lateral 
branch. X 216. Figs. 20-22.—Stages in the germination of a macroconidium in 
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Usehinsky’s fluid in a Van Tieghem cell. The spore was put into the germinating 
fluid atl0a.m. 480. Figs. 23-25.—Mature macroconidia grown in Uschinsky’s 
fluid. Fig. 23 nearly straight; fig. 25 much curved. » 216. Fig. 26.—Part of 
hypha grown in beef bouillon, showing intercalary chlamydospores in stages of for- 
mation. X 135. Fig. 27.—Young chlamydospore borne on a short lateral branch, 
growing in beef bouillon. 135. Fig. 28.—Young chlamydospore borne terminally 
on a long hypha, grown in beef bouillon. » 135. Fig. 29.—Mature chlamydospore 
grown in beef bouillon. 480. Figs. 31-33.—Stages in the germination of a chlamy- 
dospore in beef bouillon ina Van Tieghem cell. The spore was put into the germi- 
nating fluid at 10 a. m., and began to germinate earlier than any of the others in the 
same medium. X 480. Fig. 34.—Tangential section through the vascular system 
of a diseased tuber, showing the long slender hypha, following a reticulate vessel and 
branching with it. > 110. 
TEXT FIGURES. 

Fig. 1.—Diagram of a longitudinal section of a potato. The dotted line marks the 
position of the vascular ring, and the lines across the main axis indicate the distances 
that the disease has progressed into this ring, designated in Table IV as “‘slight,”’ 
‘‘less than half,’’ ‘‘half,’’ ‘‘nearly all,’’ and ‘‘all.”’ 


Fig. 2.—Diagram of potato field on Potomac Flats, Washington, D. C., in which 
(1902) the experiments were made with different fertilizers and different varieties 
with reference to resistance to the Fusarium disease. The lines represent the potato 
rows, and their intersections the hills. The numbers belong to the plots directly 
below them, and the fertilizers used and the varieties planted in them may be seen 
from Table I. The hills in which all the shoots showed the effect of the disease on 
July 27 are marked with a cross. Those in which only a part of the shoots was 
visibly affected are marked with an oblique line. The small plots planted to 
‘*Browns”’ are omitted for reasons already stated. There is a plantation road on the 
upper and right-hand sides of the field, bluegrass on the lower side, and Burbank 
potatoes of the same seed as that used in the experimental plots on the left-hand 
side. The ground slopes gently from the upper to the lower side of the field, as it 
appears on the page, and very slightly from left to right, but to the casual observer 
it would appear to be level. 
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PoTATO SHOOT ATTACKED BY FUSARIUM AND BEGINNING TO WILT. 
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PLATE III. 


Bul. 55, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE IV. 


STEM END OF POTATO TUBERS, SHOWING BLACK STAIN IN VICINITY OF VASCULAR 
BUNDLES DUE TO PRESENCE OF THE FUSARIUM. 
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PLATE V. 


VARIOUS STAGES IN DESTRUCTION OF POTATO TUBERS BY FUSARIUM. 


Bul. 55, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE VI. 


ACTION OF FUSARIUM ON POTATO TUBERS IN WarM, Dry AIR. 


vu of Plant Industry, U. $ f Agrici re PLATE Vii. 


MYCELIUM OF THE POTATO FUSARIUM, GROWN FROM A SINGLE SPORE IN NUTRIENT AGAR. 
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MYCELIUM, SPORES, AND GERM TUBES OF THE POTATO FUSARIUM. 
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LETTER OF TRANSMITTAL. 


U. 8S. DEpaRTMENT OF AGRICULTURE, 
BUREAU OF PLANT INDUSTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., January 6, 1904. 
Str: I have the honor to transmit herewith the manuscript of a 
catalogue of varieties of the apple, and respectfully recommend that 
it be published as Bulletin No. 56 of the series of this Bureau. 
This catalogue was prepared by Mr. W. H. Ragan, Special Pomo- 
logical Agent, under the direction of the Pomologist. 
Respectfully, 
B. T. GaLitoway, 
Chief of Bureau. 
Hon. JAMES WILsoN, 
Secretary of Agriculture. 


PR aw is, 


The pomologists and fruit growers of this country have long felt 
the want of a comprehensive publication.on the nomenclature of culti- 
vated fruits. 

The standard American authors of pomological works have dealt 
mostly with select lists of varieties, naming and describing only those 
possessing qualities that commended them to the several writers, and 
which were, therefore, considered worthy of a place in their respective 
volumes. These authors have not invariably given preference to the 
same leading name fora variety. There are numerous instances where 
a variety appears under a particular name in the publication of one 
author, while it is referred to as a synonym or is entirely omitted by 
another writer. 

For fully fifty years the American Pomological Society has dili- 
gently and intelligently labored for a correct and uniform nomencla- 
ture of fruits, but it has been hampered by lack of means and facilities 
for accomplishing more than a limited amount of this work. Under 
the auspices of the Division of Pomology of the Department of Agri- 
culture, a dozen years ago the veteran pomologist Mr. T. T. Lyon, 
of South Haven, Mich., was appointed a special agent to carry forward 
this laudable work. At his death the work was undertaken by Mr. 
W. H. Ragan, of Greencastle, Ind., a man equally versed in fruits, 
and one who possessed natural qualifications, a long experience in 
pomology, and a national reputation in fruit nomenclature. He has 
carried this work well forward toward completion so far as it relates 
to the apple, and it gives me pleasure to offer to the fruit growers 
of the country the only approximately complete and elaborate cata- 
logue of the nomenclature of apples thus far published. 

It is the present intention to follow this with similar catalogues of 
other cultivated fruits. 

G. B. BRackeErTT, 


Pomologist. 
OFFICE OF THE POMOLOGIST, 


Washington, D. C., January 4, 1904. 
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NOMENCLATURE OF THE APPLE: 


A CATALOGUE OF THE KNOWN VARIETIES REFERRED TO IN) AMER- 
ICAN PUBLICATIONS FROM [804 TO 1904, 


INTRODUCTION. 


The following catalogue of named varieties of apples, with their 
various synonyms, though far from complete, embraces all or nearly 
all the names that appear in the published works of American writers 
on this fruit; in the serial numbers of the Magazine of Horticulture 
and of the Horticulturist, during their long periods of publication; in 
the transactions of the Americar Pomological Society, and other sim- 
ilar publications; in the reports of the State agricultural experiment 
stations; in the lists of Benjamin Buckman and of Charles Gibb; in 
the reports of the Pomologist of the United States Department of 
Agriculture; in many of the nursery catalogues and trade lists, and in 
other available publications. 

The primary object of this bulletin is to on ing together in one com- 
prehensive volume all known names that have appeared in the Ameri- 
can literature of the apple. Many of these names have been printed 
without descriptions of the fruit, and on further investigation some 
will doubtless prove to be synonyms of other varieties. It is believed 
that this publication will be especially useful in correcting and simpli- 
fying the nomenclature of the apple now well known to be in more or 
less confusion, and that it will become a standard guide in the naming of 
varieties in the future. To nurserymen who should desire correct 
names for their varieties, and especially to originators, who would 
- avoid the serious mistake of duplicating names in bestowing them on 
their new products, this list must come as a valuable aid and helper. 

In the nomenclature of this list the revised rules of the American 
Pomological Society have been followed. One of these rules, and per- 
haps the most important one, relates to the simplifying of our fruit 
nomenclature. All unseemly and superfluously long names are reduced 
to the simplest and most intelligible forms that will not bring them in 
conflict with other names. ‘The orthography is frequently changed to 
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make it conform to the latest and most approved authorities. This is 
notably true of certain personal names heretofore often misspelled 
even by the most careful writers, such as ‘‘Rawles” for ‘*Ralls,” the 
name of the introducer of the apple so well known throughout the 
South and West under many names and synonyms, of which **Rawles 
Janet” is perhaps the most common. This correction is made as the 
result of a careful search of the official records of Amherst County, 
Va., where exists indubitable proof that **Caleb Ralls” was not ‘‘Caleb 
Rawles.” Other corrections, and by far the most numerous class, 
are made to conform to the rules of the United States Board on Geo- 
graphic Names. These changes are applied to all names not hereto- 
fore in conformity with the decisions of that board, which are now 
followed in all the branches of the Government service. “Other changes 
that will appear are made in compliance with a common-sense tendency 
now generally recognized and approved of making a single word of 
such names as ‘*Winesap,” ‘‘Redstreak,” and others heretofore often 
written or printed as two words. 

The catalogue is alphabetically arranged throughout, including both 
leading names and synonyms. Leading names are, however, invari- 
ably followed by citations of authors first using them and then by all 
their known synonyms. ‘Their descriptions, if given or known, are 
presented in abbreviated forms in the tables. These descriptions 
appear in the following order: Origin, form, size, color, texture of 
flesh, color of flesh, flavor, quality, use, and season, after which will 
often be found some explanatory remarks. Synonyms are followed 
by citations of authors first publishing them, and then by their true 
names. In the citations of authors for names or for synonyms it has 
not always been possible to give the first publisher of the name owing 
to the inaccessibility of a complete set of pomological publications. 

In not a few instances the same name has been applied to two or 
more varieties and these have been so confirmed by long usage that it 
has been thought impossible to avoid the conflict and therefore inad- 
visable to change them. In some of these cases an acceptable synonym 
has been substituted for the published leading name; for instance, the 
‘‘American Golden Pippin,” so called by Mr. Downing, is changed 
to ‘**Golding,” which the author mentioned gives as a synonym, and 
in this way one of the numerous ‘tGolden Pippins” is disposed of. 
Others that can not be changed are written with their place of origin 
or the author first publishing in an abbreviated form following, to 
distinguish them, as ‘* Golden Russet (Eng.),” ** Golden Russet (Mass. ),” 
‘‘Golden Russet (N. Y.),” or *‘ Eureka (Dap.).” In some instances, 
however, this rule can not be applied, since origins and the names of 
authors first publishing are unknown, and concerning such names 
there will still remain some degree of uncertainty. 

In the long list of Russian varieties much confusion and uncertainty 
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exist as to the several introductions, some of which errors will doubt- 

less reappear in this publication. This problem is, however, being 

industriously and intelligently worked out in the Northwest, where 

these Russian apples are of most value and of the greatest promise. 
An index to the literature of the subject is appended. 


CODE OF NOMENCLATURE OF THE AMERICAN POMOLOGICAL 
SOCIETY.” 


~PRIORITY. 


Rute 1. No two varieties of the same kind of fruit shall bear the 
same name. ‘The name first published for a variety shall be the 
accepted and recognized name, except in cases where it has been 
applied in violation of this code. 


A. The term ‘‘kind’’ as herein used shall be understood to apply to those general 
classes of fruits which are grouped together in common usage without regard to their 
exact botanical relationship, as apple, cherry, grape, peach, plum, raspberry, ete. 

B. The paramount right of the originator, discoverer, or introducer of a new variety 
to name it, within the limitations of this code, is recognized and emphasized. 

C. Where a variety name through long usage has become thoroughly established 
in American pomological literature for two or more varieties, it should not be dis- 
placed nor radically. modified for either sort, except in cases where a well-known 
synonym can be advanced to the position of leading name. The several varieties 
bearing identical names should be distinguished by adding the name of the author 
who first described each sort, or by adding some other suitable distinguishing term 
which will insure their identity in catalogues or discussions. 

D. Existing American names of varieties which conflict with earlier published 
foreign names of the same, or other varieties, but which have become thoroughly 
established through long usage, shall not be displaced. 


FORM OF NAMES. 


Rute 2. The name of a variety of fruit shall consist of a single 
word. 


A. No variety should be named unless distinctly superior to existing varieties in 
some important characteristic, nor until it has been determined to perpetuate it by 
bud propagation. 

B. In selecting names for varieties the following points should be emphasized: 
Distinctiveness, simplicity, ease of pronunciation and spelling, indication of origin 
or parentage. 

C. The spelling and pronunciation of a varietal name derived from a personal or 
geographical name should be governed by the rules which control the spelling and 
pronunciation of the name from which it was derived. 

D. A variety imported from a foreign country should retain its foreign name, 
subject only to such modification as is necessary to conform it to this code or to render 
it intelligible in English. 

E. The name of a person should not be applied to a variety during his life without 
his express consent. The name of a deceased horticulturist should not be so applied 
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except through formal action by some competent horticultural body, preferably that 
with which he was most closely connected. 

F. The use of such general terms as seedling, hybrid, pippin, pearmain, beurre, 
rare-ripe, damson, etc., is not admissible. 

G. The use of a possessive noun as a name is not admissible. 

H. The use of a number, either singly or attached to a word, should be considered 
only as a temporary expedient while the variety is undergoing preliminary test. 

|. In applying the various provisions of this rule to an existing varietal name 
which has through long usage become firmly embedded in American pomological 
literature, no change shall be made which will involve loss of identity. 

Rue 3. In the full and formal citation of a variety name, the name 
of the author who first published it shall be given. 


PUBLICATION. 


Rute 4. Publication consists (1) in the distribution of a printed 
description of the variety named, giving the distinguishing characters 
of fruit, tree, ete., or (2) in the publication of a new name for a variety 
which is properly described elsewhere; such publications to be made 
in any book, bulletin, report, trade catalogue or periodical, providing 
the issue bears the date of its publication and is generally distributed 
among nurserymen, fruit-growers, and horticulturists; or (8) in certain 
cases the general recognition of a name for a propagated variety in a 
community for a number of years shall constitiute publication of that 
name. 


A. In determining the name of a variety to which two or more names have been 
given in the same publication, that which stands first shall have precedence. 


REVISION. 


Rute 5. No properly published variety name shall be changed for 
any reason except conflict with this code, nor shall another variety be 
substituted for that originally described thereunder. 


KEY TO THE ABBREVIATIONS USED IN CITATIONS OF AUTHORS 
AND PUBLICATIONS. 


In order to avoid all undue complications in the initials used, the 
particular page where the name of a variety or its synonym is pub- 
lished by authors or others is not specified in this catalogue. The 
numbers of bulletins, the year in which reports or magazines were 
published, or names of the proprietors of the trade catalogues cited, 
only are given. Thus ‘‘D” indicates that the variety referred to is 
mentioned in Downing’s Fruits and Fruit Trees of America, second 
revised edition, 1869; ‘‘IIIH’90,” in the Transactions of the Illinois 
State Horticultural Society for 1890; ‘*A’91,” in the Proceedings of 
the American Pomological Society for 1891; ‘‘ II1B45,” in the Illinois 
Agricultural Experiment Station Bulletin No. 45; ‘‘ MagofH?38,” in 
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the Magazine of Horticulture for 1838; ‘*P’94,” in the Report of the 

Pomologist of the United States Department of Agriculture for 

1894, ete. ; 
The following abbreviations are used in the descriptions of varieties: 


Origin: Eur., Europe; Fr., France; Am., America; N. Y., New York; ete. 

Form: ¢, conical; 0, ovate; ob, oblate; obl, oblong; r, round. 

Size: 1, large; l-vl, large to very large; m, medium; ml, medium to large; ms, 
medium to small; s, small; v, very. 

Color: b, blushed; c, crimson; d, dark; g, green; 1, light; p, pale; pu, purple; r, 
red; ru, russet; s, striped; w, white; y, yellow. 

Flesh (texture): c, crisp; f, fine; fr, firm; j, juicy; m, medium; me, melting; t, 
tender; v, very. 

Flesh (color): g, green or greenish; s, stained or wine-colored; v, very; w, white 
or whitish; y, yellow or yellowish. 

Flavor: a, acid; b, brisk; m, mild; p, pleasant; r, rich; s, sweet; sa, subacid; v, 
very; vi, vinous. 

Quality: b, best; g, good; g-vg, good to very good; p, poor; v, very; vg—-b, very 
good to best. 

Use: ce, cider; d, dessert; f, family; k, kitchen; m, market. 

Season: e, early; 1, late; m, medium; ml, medium to late; v, very. 


ALPHABETICAL LIST OF ABBREVIATIONS USED IN DESIGNATING THE 
PUBLICATIONS QUOTED. 


' Aan Reaoes ae American Pomological Society Proceedings, 1852-1903. 

| ne Branson, Abner, catalogue, Westbranch, Iowa. 

BW, su. 2. Wenger, A. B., catalogue, Dayton, Va. 

FEGCO. - 5... Barnes, A., & Co., catalogue, Pleasant Run, Ohio. 

‘6s Tuttle, A. Clark, catalogue, Baraboo, Wis. 

ADF&S .... Freeman, Mrs. A. D., & Sons, catalogue, Tadmore, Ohio. 
ji. Gane rage Mosby, A. F., catalogue, Richmond, Va. 

AHCC&C .. Chadbourne, A. H. C., & Co., catalogue, Worcester, Mass. 
1.45 | 66 een Griesa, A. H., catalogue, Lawrence, Kans. 

AHortA .... American Horticultural Annual, 1868-1871. 

meee oes. American Horticultural Society Transactions, 1883-1888. 
ARs cee ss Collins, Arthur J., catalogue, Moorestown, N. J. 

ois American Journal of Horticulture, Volumes I-IX. 
(ae Clingman, A. K., catalogue, Homer, La. 

LA 4 ae Alabama Experiment Station Bulletin. 

AlaExR.... Alabama Experiment Station Report. 

AlaNCo .... Alabama Nursery Co., catalogue, Huntsville, Ala. 

(1.1 ne Amherst, Massachusetts, Experiment Station Bulletin. 
1) ee American Farmer, 1820-1881. 

AmGar..... American Gardening, 1883-1902. 

a cS Andorra Nurseries, catalogue, Philadelphia, Pa. 
AN&OCo... Albaugh Nursery & Orchard Co., Tadmore, Ohio. 
re Pullen, A., catalogue, Milford, Del. 

ee American Pomological Congress, 1 Vol., 1850. 

ArizB ...... Arizona Experiment Station Bulletin. 

ArizExR ... Arizona Experiment Station Report. 

3 Arkansas Experiment Station Bulletin. 

ArkExR ... Arkansas Experiment Station Report. 


mee os... Arkansas Horticultural Society Report. 


l4 


NOMENCLATURE OF THE APPLE. 


ASB&S..... Bassett, A. S., & Son, catalogue, Gainesville, Tex. 

AGT. . iccee Albertson & Hobbs, catalogue, Bridgeport, Ind. 

Ee eR Barry, P., Barry’s Fruit Garden, 1883. 

0 (5 ee Craddock, B. A., catalogue, Curve, Tenn. 

a Bailey, Dr. L. H., Annals of Horticulture. 

BBCo ..:... Brown Brothers Co., catalogue, Rochester, N. Y. 

Bel 232. Buckman, Benj., List of Fruits in Trial Orchard, Farmingdale, Tl. 

BBros ....-. Baker Brothers, catalogue, Fort Worth, Tex. 

BOG. sate Curtis, B. O., catalogue, Paris, Il. 

B(Ph)N.... Bloomington (Phoenix) Nursery, catalogue, Bloomington, Ill. 

Baie 8.:. 2: Bulletins 6 and 8, Division of Pomology, U. 8. Department of 
Agriculture. 

BiWes cs ice Stone, B. W., catalogue, Thomasyille, Ga. 

3 soe erm LE Coxe, William, A View of the Cultivation of Fruit Trees, 1817. 

CAG. foc. Green, Charles A., catalogue, Rochester, N. Y. 

(6h: Paes: California Experiment Station Bulletin. 

6 api a Canada Experiment Station Bulletin, Central Experimental Farm, 
Ottawa. 

CanExR ... Canada Experiment Station Report, Central Experimental Farm, 
Ottawa. 

CaniH:.: + Canada Horticulturist, monthly, 1890-1904. 

LO eee Catalogue, some nursery catalogue; so indexed by Mr. Lyon. 

DL, REARS Cornell, New York, Experiment Station Bulletin. 

CEO ose Chase Brothers Co., catalogue, Rochester, N. Y. 

CBH ....... Hornor, Charles B., catalogue, Mount Holly, N. J. 

OGern. «255.4 Country Gentleman, 1859-1869. 

CGP 22 28. Patten, Chas. G., catalogue, Charles City, Iowa. 

6): Gamers Hewitt, Clark, catalogue, Waupun, Wis. 

Ch NCo... =. Cherokee Nursery Co., catalogue, Waycross, Ga. 

CLW ~-.32 Watrous, Chas. L., catalogue, Des Moines, Iowa. 

CON os aoe Cumberland Nurseries, catalogue, Nashville, Tenn. 

ORG). cee California Nursery Co., catalogue, Niles, Cal. 

Col 2 id Colorado Experiment Station Bulletin. 

ColExR .... Colorado Experiment Station Report. 

Cole ....... Cole, 8S. W., The American Fruit Book, 1849. 

1: Bee age Colorado Horticultural Society Report. 

6 7S RE Connecticut (New Haven) Experiment Station Bulletin. 

CLES 2.52. Connecticut (New Haven) Experiment Station Report. 

2} Wright, Charles, catalogue, Seaford, Del. 

J) oe Downing, A. J. and C., Fruits and Fruit Trees of America, 1845, 
ed., 1869. 

Ray sree Downing’s Appendix I, 1872, II, 1876, and III, 1881, to Fruits and 
Fruit Trees of America. 

ji) eae Herr, Daniel D., catalogue, Lancaster, Pa. 

(01) Delaware Experiment Station Bulletin. 

DelExR .... Delaware Experiment Station Report. 

DINE =o .6 Moore, D. M., catalogue, Ogden, Utah. 

1221) ee ee Munson, D. O., catalogue, Falls Church, Va. 

DomEnc ... Domestic Encyclopedia, or Dictionary of Facts and Useful Knowl- 
edge, first American edition, 1804. 

eH 3. Schroeder, Dr. Herman, catalogue, Bloomington, Il. 

137.4, eee Downing & Morris, catalogue, Clinton, Ind. 

| ao eae Elliott, F. R., Elliott’s Fruit Book, 1854. 


ECNCo....- Elm City Nursery Co., catalogue, New Haven, Conn. 
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4) Stephens, I. F., catalogue, Crete, Nebr. 
2). Mendenhall, I. G., catalogue, Kinmundy, Il. 
ik Oe Hoyt, Edward, catalogue, Scotch Grove, Lowa. 
oO, Buechly, I. M., catalogue, Greenville, Ohio. 
3) ae Eastern Oregon Nurseries, catalogue, Union, Oreg. 
EES oo ad Siar Smith, I. P., catalogue, Gresham, Oreg. 
LG Ca Kirkpatrick, I. W., catalogue, McKinney, Tex. 
ae Reid, Kh. W., catalogue, Bridgeport, Ohio. 
SS Kllwanger & Barry, catalogue, Rochester, N. Y., 1873-1893. 
a Kitz, J. W., The Southern Apple and Peach Culturist, 1872. 
FDNCo .... Franklin Davis Nursery Co., catalogue, Richmond, Va. 
ee Young, Fred. E., catalogue, Rochester, N. Y. 
20 a Ford, Frank & Son, catalogue, Ravenna, Ohio. 
BS hod ow: Chappel, F. H., catalogue, Oregon, Wis. 
(“7 Sa Florida Experiment Station Bulletin. 
FlaExR .... Florida Experiment Station Report. 
Ti Ae er Florida Horticultural Society Report. 
32 ee Phoenix, F. 8., catalogue, Bloomington, II. 
YS Ramsey, F. T., catalogue, Austin, Tex. 
ey or Kelsey, F. W., catalogue, Rochester, N. Y., 1877-1893. 
Bore ooc2\.. Fraser & Lippincott, catalogue, Huntsville, Ala. 
PRES aces Goodrich, Chauncey, Northern Fruit Culturist, 1850. 
oo Georgia Experiment Station Bulletin. 
GaExR .... Georgia Experiment Station Report. 
Gees 2% Georgia Horticultural Society Report. 
CrarCal ...... American Gardener’s Calendar, Bernard McMahon, 1806. 
Ca Gardener’s Monthly, 1859-1885. 
ts I Sweet, George A., catalogue, Dansville, N. Y. 
2) ee Gibb, Charles, U. S. Department of Agriculture, List of Russian 

Varieties of Apples. 
Somes oS. 225 Greening Bros., catalogue, Monroe, Mich. 
Reet tad Brackett, G. B., catalogue, Denmark, Iowa. 
a Genesee Farmer, 1832-1854. 
| es Ruedy, George, catalogue, Colfax, Wash. 
LC: Gould, Geo., & Son, catalogue, Villaridge, Ill. 
GHM&S.... Miller, Geo. H., & Son, catalogue, Rome, Ga. 
rk W. osc owe Whiting, Geo. H., catalogue, Yankton, S. Dak. 
2) oe Carpenter, G. J., catalogue, Fairbury, Nebr. 
GJK&S .... Kellogg, Geo. J., & Sons, catalogue, Janesville, Wis. 
[3 . oe Anthony, G. L., catalogue, Vandalia, N. C. 
1: es Taber, Geo. L., catalogue, Glen Saint Mary, Fla. 
ae Moyer, G. N., catalogue, Laketon, Ind. 
LDA Eee Onderdonk, Gilbert, catalogue, Nursery, Tex. 
Govlist -.. -- List of Russian Varieties Introduced by U. 8. Department of 
Agriculture, 1870. 

ee Gardner & Sons, catalogue, Osage, Lowa. 
a Hooper, E. J., Hooper’s Western Fruit Book, 1857. 
oi ae Hoopes Bro. & Thomas, catalogue, Westchester, Pa. 
ae Hillenmeyer, H. F., catalogue, Lexington, Ky. 
|S Se Hale Georgia Orchard Co., catalogue, Fort Valley, Ga. 
HG&Co .... Hoover & Gaines Co., catalogue, Dayton, Ohio. 
ene ..... History of the Massachusetts Horticultural Society, 1880. 
HMSCo .... Simpson, H. M., Co., catalogue, Vincennes, Ind. 
ea Horticulturist, The, monthly, 1846-1875, 
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ION ockie Hovey, C. M., the Fruits of America, 1851, 

io. eee Hart Pioneer Nurseries, catalogue, Fort Scott, Kans, 

HSR&S .... Rupp, Henry §., & Sons, catalogue, Shiremanstown, Pa. 

ah a Huntsville Nursery Co., catalogue, Huntsville, Ala. 

H&Co...<.-. Holland & Co., catalogue, Plymouth, Ind. 

: ee ns Ives, J. M., New England Book of Fruits, 1847, 

|, ee lowa Experiment Station Bulletin. 

lab :..<- lowa Experiment Station Report. 

Lo Sea lowa Horticultural Society Report, 1867-1903, 

0), pe Idaho Experiment Station Bulletin. 

IdaExR .... Idaho Experiment Station Report. 

THGS ..2<.- Hicks, Isaac, & Son, catalogue, Westbury Station, N. Y. 

|): ee Illinois Experiment Station Bulletin. 

THWExR ....- Illinois Experiment Station Report. 

iN 1 Sees ae Illinois Horticultural Society Report, 1867-1903, 

Ind B 23-22. Indiana (Purdue) Agricultural Experiment Station Bulletin. 

IndExR.... Indiana (Purdue) Agricultural Experiment Station Report. 

THAY A os. Indiana Farmer, 1840. 

Pet eo sek. Indiana Horticultural Society Report, 1860-1902. 

yh eee Young, John A., catalogue, Greensboro, N. C. 

Pr eee ewes Bidwell, John, catalogue, Chico, Cal. 

JBW&B.... Wild, J. B., & Bros., catalogue, Sarcoxie, Mo. 

JGH&S _... Harrison, J. G., & Sons, catalogue, Berlin, Md. 

PGW sede 3: Wertz, J. G., catalogue, Salem, Va. 

2 ho see Black, Joseph H., & Son, catalogue, Hightstown, N. J. 

SEM 2 oe cceee Newson, J. I., catalogue, Nashville, Tenn. 

5 Pee Bee Brown, J. L., catalogue, Kearney, Nebr. 

20) (9 Sees Ogle, J. M., catalogue, Puyallup, Wash. 

JRCe 2.4 Jewell Nursery Co., catalogue, Lake City, Minn. 

2 | St eee Johnson, J. R., catalogue, Coshocton, Ohio. 

JECES 25.2. Collins, J. 8., & Son, catalogue, Moorestown, N. J. 

A | >) eee Kerr, John S., catalogue, Sherman, Tex. 

A il Fe eo Lovett, J. T., catalogue, Little Silvers, N. J. 

VO) eee Cotta, J. V., catalogue, Nursery, Ill. 

OV bcp ecee Lindley, J. Van., catalogue, Pomona, N. C. 

IW 22 Waters, James, catalogue, Watsonville, Cal. 

\ gf. SR Austin, J. W., catalogue, Pilot Point, Tex. 

JWA&Co... Adams, J. W., & Co., catalogue, Springfield, Mass. 

Sh |S Ga el Kerr, J. W., catalogue, Denton, Md. 

| 3. ee Manning, Jacob W., catalogue, Reading, Mass., 1875-1892. 

ONES ao Stevenson, J. W., catalogue, North Bend, Nebr. 

‘ff: Wragg, J., & Son, catalogue, Waukee, Iowa. 

ies Jones & Rouse, catalogue, Rochester, N. Y. 

i ee Kenrick, William, The New American Orchardist, first edition, 
1841. 

Ran’ -.~.=- Kansas Experiment Station Bulletin. 

KanExR ... Kansas Experiment Station Report. 

KanFM .... Kansas Fruit Manual, 1886. 

Manst;..... Kansas Horticultural Society Report. 

BBN. 222ue2 Kansas Home Nursery, catalogue, Lawrence, Kans. 

|S, Seep ae Klehm’s Nurseries, catalogue, Arlington Heights, Il. 

; Sd: See ee Kentucky Experiment Station Bulletin. 

KyExR .... Kentucky Experiment Station Report. 


Ball 2.2% Kentucky Horticultural Society Report. 
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SAM eau 3 Kelly, J.O., & Sons, catalogue, Jeff, Ala. 
aw a wis Lyon, T. T.; name modified by Mr. Lyon as Chairman of Committee. 
J] Louisiana Experiment Station Bulletin. 

Lamah..... Louisiana experiment Station Report. 

ae Burbank, Luther, catalogue, Santa Rosa, Cal. 

_° be epee esse Coates, Leonard, catalogue, Napa, Cal. 

2) Lyon’s catalogue of trial varieties at South Haven, Mich. 
BM des ou x Linnean Botanic Garden, catalogue of 1844-45. 

BY Ss aos a Roesch, Lewis, catalogue, Fredonia, N. Y. 

Sy) aie Sanders, L. T., catalogue, Plain Dealing, La. 
LWC&Co... Carr, L. W., & Co., catalogue, Erie, Pa. 

Ve ee Manning, Robert, Book of Fruits, first edition, 1838. 
MagofH .... Magazine of Horticulture, Boston, C. M. Hovey & Co., 1835-1860. 
VE) Massachusetts (Hatch) Experiment Station Bulletin. 
MassExR... Massachusetts (Hatch) Experiment Station Report. 
Vs Massachusetts Horticultural Society Report, 1865-1903. 
MB&Co .... Barnes, M., & Co., catalogue, Groesbeck, Ohio. 
BPI R ais c ene Beatie, M. D., catalogue, Atlanta, Ga. 

ol ae Maryland Experiment Station Bulletin. 

MdExR .... Maryland Experiment Station Report. 

Les 6 aes Maryland Horticultural Society Report. 

Som icte u Maine Experiment Station Bulletin. 

MeeM...... Meehan’s Monthly, 1894-1897. 

MeExR .... Maine Experiment Station Report. 

7 er Maine Pomological Society Report. 

Miow ....% Montreal Horticultural Society, Canada, 1876-1888. 
res. ... Michigan Experiment Station Bulletin. 

MichExR .. Michigan Experiment Station Report. 

Mien -. 2+ Michigan Horticultural Society Report. 

MinnB ..... Minnesota Experiment Station Bulletin. 

MinnExR .. Minnesota Experiment Station Report. 

Mmn .... . Minnesota Horticultural Society Report. 

MinnHort -. Minnesota Horticulturist, monthly, 1894-1901. 
Minh... Mississippi Experiment Station Bulletin. 
MissExR... Mississippi Experiment Station Report. 

| aa Graham, M. J., catalogue, Adel, Iowa. 

OO as Henry, M. J., catalogue, Vancouver, B. C. 

MLACo .... Missing Link Apple Co., catalogue, Clayton, II. 
moe. ...... Missouri Experiment Station Bulletin. 

MoExR .... Missouri Experiment Station Report. 

i Missouri Horticultural Society Report, 1863-1902. 
Monts. -. ..- Montana Experiment Station Bulletin. 

MontExR .. Montana Experiment Station Report. 

OS Myer, D. S., & Son, catalogue, Ridgeville, Del. 
Northwestern Pomology, Gurney, 1894. 

Tart — oa North American Pomological Convention Report, 1849. 
Re. os as North Carolina Experiment Station Bulletin. 
NCExR .... North Carolina Experiment Station Report. 
a North Carolina Horticultural Society Report. 

| North Dakota Experiment Station Bulletin. 
NDExR.... North Dakota Experiment Station Report. 
ae Nebraska Experiment Station Bulletin. 


NebExR ... Nebraska Experiment Station Report. 
16571—No. 56—05——2 
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NebH «. <2. Nebraska Horticultural Society Report. 

WM ccacwes New England Farmer, 1822-1871. 

Neve oicces Nevada Experiment Station Bulletin. 

NevExR ... Nevada Experiment Station Report. 

4 ee New Hampshire Experiment Station Bulletin. 

NHExR.... New Hampshire Experiment Station Report. 

NIB 2. ccee New Jersey Experiment Station Bulletin. 

NJExR .... New Jersey Experiment Station Report. 

Daren Sscauee New Jersey Horticultural Society Report. 

Ned ick New Mexico Experiment Station Bulletin. 

NMExR.... New Mexico Experiment Station Report. 

WME oss aoe Nova Scotia Experiment Station Bulletin. 

NSExR .... Nova Scotia Experiment Station Report. 

NEE. 2cess Nova Scotia Horticultural Society Report. 

NWG 222222 Craft, N. W., catalogue, Shore, N. C. 

NWFG..... Northwestern Fruit Growers’ Association Report, 1852 and 1855. 

1 fi ft. eee New York Agricultural Society Report. 

1 eg 5 epee New York Geneva Experiment Station Bulletin. 

NYExR.... New York Geneva Experiment Station Report. 

OhieB.. 35. Ohio Experiment Station Bulletin. 

OhioExR... Ohio Experiment Station Report. 

OhbieH ..... Ohio Horticultural Society Report. 

ORG. os. e Gerrish, O. K., catalogue, Lakeville, Mass. 

ORIG oso Oklahoma Experiment Station Bulletin. 

OkIExR.... Oklahoma Experiment Station Report. 

| aes wan Locke, Otto, catalogue, New Braunfels, Tex. 

Onth 2 oS. Ontario, Canada, Experiment Station Bulletin. 

OntExR_... Ontario, Canada, Experiment Station Report. 

Onidt 2-25. Ontario Fruit Growers’ Association Report. 

Ores. yo Oregon Experiment Station Bulletin. 

OreExR.... Oregon Experiment Station Report. 

Pe ee Pomologist, U. S. Department of Agriculture, Report, 1886-95. 

| ig] 2 pert oae Pennsylvania Experiment Station Bulletin. 

Paon 62 Pennsylvania Agricultural College Report. 

Peene c=: Pennsylvania Experiment Station Report. 

Parl ico. Pennsylvania Horticultural Society Report. 

| id a ee Be Emmerson, P., catalogue, Wyoming, Del. 

PEIN. os. Port Elgin Nursery, catalogue, Port Elgin, Ontario. 

Penk< 3. Peninsula Horticultural Society Report. 

Par. '-.2-2- Prairie Farmer, 1843-1897. 

{ls SR eee Foster, P. H., catalogue, Babylon, N. Y. 

Pa A eo Berckmans, P. J., catalogue, Augusta, Ga. 

| 2a 3 Bete Phoenix Nursery, catalogue, Delavan, Wis. 

| Sg ieee Prince, Wm. R., Pomological Manual, 1831. 

| Reese ee © Ragan, W. H.; name modified by Mr. Ragan as Chairman of Com- 
mittee. 

Rgltola .... Russian varieties sent by Dr. Regel to lowa Agricultural College. 

SE] res Nicholson, R. G., catalogue, Chestertown, Md. 

110) ie Rhode Island Experiment Station Bulletin. 

RIExRoc7. Rhode Island Experiment Station Report. 

SEEM where Rhode Island Horticultural Society Report. 

jd Rakestraw & Pyle, catalogue, Willowdale, Pa. 

A, 8 Gh ee Rural New Yorker, 1854-1872. 


Bie oes Strong, W. C., Fruit Culture, 1885. 
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EIT o's o's <a Stark Brothers, catalogue, Louisiana, Mo. 

ORES a4 Ge « South Carolina Experiment Station Bulletin. 
SUGEH..... South Carolina Experiment Station Report. 

BEE Lice said = South Carolina Horticultural Society Report. 

8.4 Se ee Storrs, Connecticut, Experiment Station Bulletin. 
er South Dakota Experiment Station Bulletin. 

SDExR .... South Dakota Experiment Station Report. 

SHNCo .... Spring Hill Nursery Co., catalogue, Prospect, Va. 
2 ae Rump, 8. H., catalogue, Marshaliville, Ga. 

Shrotola ... Russian apples sent by Dr. Schroeder to lowa Agricultural College. 
oS ee Hoyt (Stephen) Sons, catalogue, New Canaan, Conn. 
ot Sees Sa Kinsey, Samuel, catalogue, Kinsey, Ohio. 

2, ae Silver Leaf Nurseries, catalogue, Boons Path, Va. 
SL&Co ..... Lewelling, Seth, & Co., catalogue, Milwaukee, Oreg. 
MER So cs ue Bayles, S. M., catalogue, St. Louis, Mo. 

MIEKA ou Ge Sherman Nursery Co., catalogue, Charles City, Iowa. 
SPets 3222. Smith, Powell & Lamb, catalogue, Syracuse, N. Y. 
dls Reece Storrs & Harrison, catalogue, Painesville, Ohio. 
ee ies nee = Stone & Wellington, catalogue, Toronto, Ontario. 

Mer ben cee Thomas, J. J., The American Fruit Culturist, 1846. 
ih a) Sg PeRaapape Ferrell, Thad C., catalogue, Humboldt, Tenn. 

MAE Cae nabs Todd, 8. E., The Apple Culturist, 1871. 

denn... Tennessee Experiment Station Bulletin. 
TennExR... Tennessee Experiment Station Report. 

“od ee Texas Experiment Station Bulletin. 

TexExR.... Texas Experiment Station Report. 

(2s ae Texas Horticultural Society Report. 

SS ee Thacher, James, The American Orchardist, 1821. 
OC Garden, Thos. J., & Son, catalogue, Springhill, Va. 
1 a Hubbard, T. S. & Co., catalogue, Fredonia, N. Y. 
4 re Munson, T. V. & Son, catalogue, Denison, Tex. 
TWW&S ... Wood, T. W., & Son, catalogue, Richmond, Va. 
UCExR .... University of California Experiment Station Report: 
igh. ..... Utah Experiment Station Bulletin. 

UtahExR .. Utah Experiment Station Report. 

a Virginia Experiment Station Bulletin. 

VaExR .... Virginia Experiment Station Report. 

1 era Virginia Horticultural Society Report. 

ae Van Deman, H. E., name suggested by Prof. Van Deman. 
a Russian varieties introduced from various sources. 
i aa Vermont Experiment Station Bulletin. 

ih d Vermont Experiment Station Report. 

ae Warder, Dr. John A., American Pomology—Apple, 1867. 
‘fT Washington Experiment Station Bulletin. 


WashExR.. Washington Experiment Station Report. 
WAW&C... Watson, W. A., & Co., catalogue, Normal, Ill. 


oe ae Johnson, W. B. K., catalogue, Allentown, Pa. 

ae Wirt Brothers, catalogue, Alpha, III. 

ae Reed, W. C., catalogue, Vincennes, Ind. 

a Waring, Wm. G., The Fruit Grower’s Hand-Book, 1851. 

oS) ae White, Wm. G., catalogue, Ovid, Mich. 

WHMCo ... Moon, W. H., Co., catalogue, Morrisville, Pa. 

ae Western Horticultural Review, monthly (Vols. 1 to 4) 1850-1853. 


atv W.... Smith, Wm. Hy., catalogue, Franklin, Tenn. 


20 NOMENCLATURE OF THE APPLE. 


MD So suwas Wisconsin Experiment Station Bulletin. 
WisExR ... Wisconsin Experiment Station Report. 

Wiel ~. ona Wisconsin Horticultural Society Report. 
WisHort.... Wisconsin Horticulturist, monthly, 1897-1902. 
3. oe West Jersey Nursery Co., catalogue, Bridgeton, N. J. 
WMS. a Benninger, W. M., catalogue, Walnutport, Pa. 
WwOh ..23 Chappelow, William, catalogue, Duarte, Cal. 
WE ete Parry, William, catalogue, Parry, N. J. 
WMP«S.... Peters, W. M., & Son, catalogue, Snowhill, Md. 
WmwW.... <<. Watson, William, catalogue, Brenham, Tex. 
Weics. Wickson, E. J., The California Fruits, 1889. 
WE 0 Harris, W. R., catalogue, Tecumseh, Nebr. 


WSL&Co... Little, W.S., & Co., catalogue, Rochester, N. Y. 
WTH&Co .. Hood, W. T., & Co., catalogue, Richmond, Va. 


WeVab.. ses West Virginia Experiment Station Bulletin. 
W VaExR .. West Virginia Experiment Station Report. 
Wb. 2% Wyoming Experiment Station Bulletin. 
WyExR.... Wyoming Experiment Station Report. 
Wao ....< Webster & Co., catalogue, Centralia, Ill. 


WA&TSCo... Smith, W. & T., Co., catalogue, Geneva, N. Y. 
¥&Co2 2. 2. Youngers & Co., catalogue, Geneva, Nebr. 
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phia, Pa. C. H. Marot. 17 vols. Monthly. 1858 to 1875. 

GARMAN, H. Bordeaux Mixture for Apple Pests. Kentucky Experiment Station 
Bulletin No. 44, 1893. 32 pages. 

GerorGiA Stare Horticutturay Socrery. Transactions. Annual. 1876 to date. 
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PREP L. 


On the Atlantic and Pacific coasts, on the shores of the Great Lakes, 
and at numerous places inland, there are areas of sandy land, for the 
most part originally covered by vegetation, but now denuded of plant 
growth through the shortsighted policy which has so often prevailed in 
this country of utilizing everything in sight without reference to the 
future. The Department of Agriculture is frequently called upon for 
advice concerning the proper methods of controlling this sand and pre- 
venting it from drifting. In some cases cultivated fields have been 
invaded and railroad tracks covered. The sand has even invaded 
cities, covering up houses and filling the streets, and much yaluable 
property has thus been destroyed. 

Much work has been done in controlling shifting sand dunes in 
Europe during the past century, and methods have been developed 
whereby it is possible to control the sand and in many cases to cover it 
again with vegetation. On account of the importance of the subject, 
Prof. A. 5. Hitchcock, of this office, was sent to Europe recently to 
study the methods there used in this work. In the autumn of 1902 he 
visited the Netherlands, Denmark, Germany, and France for this pur- 
pose. An outline of the methods that have been successfully employed 
in those countries is given in this bulletin, together with some other 
information of general interest concerning the subject of sand dunes. 

W. J. SPILLMAN, 
Agqrostologist. 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., December 16, 1903. 
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METHODS USED FOR CONTROLLING AND RECLAIM 
ING SAND DUNES. 


INTRODUCTION. 


The sand-dune areas of Europe are of especial interest because they 
present conditions similar to those found in the United States and 
because it is there that the methods of reclamation were first applied 
and later most successfully developed. 

In order to investigate the methods used and determine to what 
extent they might be applied in this country, the writer visited several 
regions in Kurope where the conditions and methods may be considered 
representative—the Netherlands, Denmark, the southwest coast of 
France, and the Kurische Nehrung on the northeast coast of Germany. 
In Prussia much work has been done along the coasts of the Baltic and 
North seas, but this is so well described in Gerhardt’s” admirable book 
upon the dunes of Germany that other points than the ones mentioned 
were not visited. 

There are other localities of minor importance where dunes occur 
and where efforts toward reclamation have been made, but it was not 
learned that the methods used differed essentially from those investi- 
gated. Lack of time prevented visits to certain other interesting 
interior regions, such as the Banat plain of southern Hungary, the 
north shore of the Black Sea, and Russian Turkestan. The last two 
regions are of importance because of the efforts put forth by the rail- 
roads to prevent the enroachment upon their right of way by shifting 
dunes. 


FORMATION OF SAND DUNES. 


Sand hills or dunes usually occur along a sandy seacoast. The sand 
is constantly washed up by the waves and when dry is readily carried 
inland by the wind. Ona rocky or marshy coast this does not occur. 


@ Paul Gerhardt, Handbuch des deutschen Diinenbaues, Berlin, 1900. This is a very 
complete and detailed account of the sand dunes of Germany, including geology, flora, 
formation, reclamation, and historical notes, and is the most elaborate work of this 
nature thus far published. The writer is indebted to this work for the text figures 
used in this bulletin. Mr. Gerhardt was superintendent of the Kénigsberg district 
(Regierungs und Baurat) and was later advanced to the charge of the entire work at 


Berlin. 
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10 METHODS USED FOR CONTROLLING SAND DUNES. 


Under the action of the wind the sand accumulates in ridges or hills of 
irregular contour and extent, depending upon the force and direction 
of the prevailing winds. It is not intended here to go into the details 
of dune formation, a subject which has been elaborated in Gerhardt’s 
book and also in numerous lesser works. Suflice it to say that ordi- 
narily a dune passes through a rather definite series of changes. — It is 
formed near the beach and travels back toward the interior. <A typ- 
ical wandering dune presents a gradual slope toward the wind and an 
abrupt slope on the lee side. The wind forces the sand up the slope 
and it falls over the edge. The hill or ridge then travels in the direc- 
tion of the prevailing wind at a rate depending on the force and con- 
stancy of the latter. Such a hill is called a wandering dune. As the 
dune recedes from the coast a new one may form at the beach. 

Upon the wandering or active dunes the sand is shifting to such an 
extent that vegetation does not establish itself. Consequently such 
dunes are bare. During wet periods seeds may germinate, but sooner 
or later the flying sand destroys the plants either by cutting them off 
as by a sand blast or by burying or uncovering them. However, as 
the action of the wind becomes less forcible at a distance from the 
strand, vegetation is at last able to become established and resist the 
enfeebled sand blast. A wandering dune is thus gradually converted 
into a fixed dune, which, if left to itself, finally becomes forested. 

Similar dunes are often formed along the larger rivers or on interior 
sandy wastes such as are found in the central portions of the Nether- 
lands and Denmark. It not infrequently happens that a fixed dune 
becomes converted into a wandering dune. This occurs through the 
removal of the vegetation, either by natural means or as the result of 
man’s carelessness. The result in the first case is usually brought about 
by changed conditions, such as the direction of the wind, whereby the 
vegetation dies in certain spots and *‘ blowouts” are formed. Such 
‘avities or blowouts gradually enlarge as the surrounding vegetation 
is undermined and the result may be the birth of a wandering dune. 
But from an economic standpoint by far the greatest harm has come 
from the removal of forests from fixed dunes. The Kurische Nehrung 
in Prussia and the coast dunes of the Netheriands were at one time 
covered with forest and gave no trouble. Other cases are known 
where dunes held permanently by a covering of grass have been con- 
verted into wandering dunes by the pasturing of cattle upon them, 
thus cutting up the sod. 

Sand dunes of any considerable extent are rarely found along the 
seacoast in warmer regions, because the long growing season is more 
favorable to vegetation. The forest, or at least a scrubby growth of 
shrubs, usually comes down close to the high-water mark. ‘The severe 
winter storms of the high latitudes are chiefly responsible for the great 
dune areas of the north. 
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In many cases the wandering dunes encroach upon arable land, upon 
forest, upon valuable property such as railroads and buildings, or 
upon rivers, harbors, or other water ways. This usually indicates 
that there has been a recent change of conditions resulting in the 
formation of active dunes. Seaside resorts upon sandy beaches are 
often seriously damaged by the formation of dunes and blowouts upon 
various portions of the property. 

In addition to the trouble arising from the encroachment of sand 
at points where it does damage, it should be understood that there are 
large areas of sandy land consisting of dunes in various stages of fixa- 
tion, interspersed with portions of level and sometimes arable land. 
These level spots represent portions where the wind has swept away 
the sand down to moist soil, which usually has a definite relation to 
the water level. Such areas of dunes may include many square miles 
and are useless for agricultural purposes. It is thus seen that the 
fixation of dunes may be for two purposes—to protect property in the 
lee or to convert a useless area of waste land into a productive forest. 


ACTION OF THE WIND UPON DRIFTING SAND. 


When the wind sweeps over a free surface of drifting sand it acts 
about equally throughout; but an obstruction of any kind, such as 
a log or a bunch of grass, at once modifies the action of the wind. 
A solid object increases the force of the wind around the sides, and 
hence the sand is excavated. In the lee of the object the sand will 
accumulate. If two such obstructions are near together a channel is 
formed between them and once formed deepens with astonishing 
rapidity. The carrying power of the wind increases much more 
rapidly than the increase in the velocity.“ Consequently, any increase 
in the velocity is immediately noticeable in the increased erosive 
power. The erosive power of the wind is not identical with the 
carrying power, for in the first case the wind overcomes cohesion and 
in the second case it overcomes weight. If the velocity of the wind 
decreases, the sand previously held in suspension is deposited. 

If a solid fence is placed upon the sand at right angles to the wind 


“Theoretically the transporting power of the wind varies as the sixth power of the 
velocity—that is, if the velocity is doubled the carrying power is 64 times as great. 
It is clear that the force exerted by the wind upon a fixed surface increases as the 
square of the velocity, for if the velocity of the wind is doubled there will be twice 
as much air striking the surface with twice the velocity. Furthermore, if the velocity 
remains the same the force exerted increases with the surface—that is, with the square 
of the diameter. The moving power then varies as the product of the square of the 
velocity and the square of the diameter. But the force or work done, which is the 
same as the weight of the object transported, varies with the cube of the diameter; 
or, putting it all in terms of velocity, the force varies as the sixth power of the 
velocity. 
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the sand is excavated in front (fig. 1). The wind, unable to proceed, 
is divided into currents in all directions. Those going downward 
scoop out the sand, thus forming a drift a short distance in front. 
This increases until its height equals that of the fence, when the wind, 
no longer meeting with the obstruction, allows sand to be deposited 


—_———— 
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Fig. 1.—Drifting sand as affected by a solid fence. 


in this channel, and it fills up, covering the fence. Similarly at the 
ends of the fence the wind currents are increased and the sand is 
scooped out. If the fence is raised so as to allow a space beneath, the 
sand is rapidly scooped out below. The same result occurs beneath 
buildings, trestles, or other works which allow a space beneath, 


Fig. 2.—Drifting sand as affected by an open, inflexible obstruction. 


through which the wind rushes with increased force. If, however, 
the obstruction is not solid, but more or less open, as a pile of brush 
or a bunch of grass, the action is entirely different. The wind passes 
through the obstruction, but with decreased velocity; hence, sand is 
deposited within the obstruction. No excavation takes place in front 


Fig. 3.—Drifting sand as affected by an open, flexible obstruction. 


or around the sides. If the obstruction is stiff and inflexible like a 
sand fence, the sand is deposited on both sides (fig. 2), the windward 
slope being gradual and the lee slope more abrupt. If the obstruc- 
tion is flexible like a bunch of grass, most of the sand is deposited in 
the lee (fig. 3). Of course there are all gradations between the two 
classes, and various circumstances may modify the usual action. 

It may be further stated that when the wind is blowing up an 
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incline, the surface velocity increases with the steepness. A small 
object is easily blown uphill. But when the wind blows down a slope, 
eddies form which usually produce a current uphill at the surface. 
Thus it happens that while small bodies can be blown uphill easily it 
is not often that they are blown downhill, but must fall from their 
own weight when the slope is steep. The fact that the velocity of the 
wind at the surface on the windward side of a dune increases with the 
slope results in producing a normal incline, which represents a_bal- 
ancing of forces. Usually this incline is quite gradual compared with 
the lee side of the dune, where the slope is the greatest at which the 
sand will remain in place—about 30°. 

Sand can be removed from one place to another farther on by placing 
a suitable obstruction above, with a space between it and the surface 
of the sand, which will increase the wind velocity at this point. Sand 
may be filled in at any point by interposing an open obstruction, such 
as brush or a sand hedge, or by planting grass. The practical appli- 
cation will be referred to farther on. 


ARTIFICIAL FIXATION OF DUNES. 


The fixation is most permanent when the dunes are covered with 
forest; hence, forestation is the ultimate aim wherever possible. But 
there is a narrow strip of territory just back of the strand where 
trees will not grow on account of the exposure to the severe winds 
and the action of the ocean spray. The width of this strip depends 
upon local conditions and may vary from one to several rods. The 
force of the wind is influenced by the character of the coast. Expe- 
rience soon demonstrates how near to the strand a forest may be 
produced. 

When the work of fixation is completed there will be a forest over 
the greater part, but a strip along the coast remains which must be 
permanently held in place by some other method, usually by the plant- 
ing of grass. When the forest is once established it is cared for and 
preserved according to the usual methods of forestry. Usually it is 
impossible to establish a forest directly upon the sand dunes either by 
sowing the seed or setting out young trees, because the drifting sand 
cuts the leaves and bark or uncovers or buries the young plants. 
Sowing the seed has been tried several times, but there remain of this 
work only a few scattered patches of trees in protected places. It is 
therefore necessary to hold the sand in place by some kind of a cover- 
ing until the trees can obtain a start, when they form a covering 
themselves. 

The work of fixation is thus divided into two rather distinct stages: 
(1) Preliminary; holding the sand in place. (2) Permanent; establish- 
ing a forest. Upon the coast strip the work does not proceed beyond 
the first stage, but the maintenance of the covering in a satisfactory 
condition requires constant care, 
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BINDING THE SAND, 


There are many methods which have been employed at various times, 
but those now in successful use on a large scale may be considered 
under three heads: (1) Transplanting sand-binding plants upon the 
dunes, sufficiently thick to form a living cover; (2) covering the entire 
surface with some inert material which prevents the wind from reach- 
ine the sand, and (3) covering the surface with a network of brush 
fence which, while not preventing the wind from reaching the sand, 
lessens its velocity and prevents drifting. It may be remarked that 
numerous experiments have demonstrated the futility of sowing the 
seeds of any plant directly upon the unprotected surface of the bare 
sand. 

These methods, as they have been finally elaborated, will now be 
described. For the historical development and the description of 
special methods to meet unusual conditions, the reader is referred to 
Gerhardt’s book previously mentioned. 


BINDING BY MEANS OF GRASSES. 


Various plants for binding the sand have been tried, but none have 
been found so successful as grasses. “Willow cuttings have been 
employed in afew cases, but their use has not proved satisfactory. Of 
the grasses the species used almost exclusively is beach grass (lin- 
mophila arenaria Link), shown in Plate I, frontispiece. A kind of 
wild rye (Zlymus arenarius L.) has been used occasionally. Beach 
erass grows naturally on the dunes all along the north Atlantic 
coasts of both Europe and America as far south as Morocco and North 
Carolina. It grows in clumps to the height of one to three feet and 
spreads by means of extensively creeping underground stems or 
rhizomes. 

An important character of beach grass is that it grows with most 
luxuriance where the sand is drifting. In quiet sand it persists for a 
few years but gradually dies out. The drifting sand seems to supply 
the conditions for continued rejuvenation of the growth as the sprouts 
force their way up through the accumulating sand. 

Transplanting.—Beach grass may be transplanted in the autumn or 
spring; in the autumn from the time it is mature, which may be as 
early as September, until the ground freezes, and in the spring from 
the time the ground thaws until growth starts. The grass is usually 
transplanted in the autumn, because at this time the requisite labor is 
more easily obtained, and furthermore it is then easier to pick out the 
individuals that are at the right stage of growth. It is best to choose 
moist or foggy weather, as the plants are more certain to grow, the 
danger of desiccation is less, the sand being damp it is more easily 
manipulated, and the work can be performed much more comfortably, 
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as the flying sand seriously interferes with planting during dry 
weather. 

The plants chosen for transplanting should be two years old and 
have at the base one or two nodes. The roots spring from these nodes; 
consequently at least one node must be present. More than two are 
not necessary and would be a waste of material, though they do no 
other harm than to interfere with planting in proportion to their num- 
ber. One-year-old plants are not strong enough and have not devel- 
oped the nodes sufliciently for transplanting. Plants more than two 
years old are proportionately lacking in vitality and do not throw out 
roots with sufficient vigor. With some experience laborers are able 
to distinguish at sight plants of the right age. If the grass is grow- 
ing in loose sand and has not been covered deeply, it 
may be pulled up by hand. But usually it is neces- 
sary to cut the rhizomes below the surface of the 
sand, after which the plants can be easily pulled up. 
The method of procedure is for the workman to seize 
a suitable clump of the grass with the left hand and 
with a spade held in the right hand strike into the 
sand in such a manner as to cut off the rhizomes below 
having one to three nodes at the lower end (PI. VII, 
fig. 1). The bunch is then pulled up and placed in a 
pile or under the leftarm. Whena bundle has accum- 
ulated, it is tied up and is ready for use. The spade 
used is a light tool specially made for the purpose, 
with a sharp edge or point and a short handle. 
Sometimes an ordinary spade, such as is used in.dig- 
ging, is put to this service. 

If the grass for transplanting is taken from the 
dunes that are to be fixed, care should be taken not to ele 
remove too much from one place and allow the wind Fie. 4.—spade used 
to make a blowout. It should be chosen from places re ven? 
where the grass is growing too thickly. Thearrange- _ 
ments should be such that the grass can be planted soon after being 
dug or the roots may dry out too much. For the same reason it is 
best to dig the-plants near the place where they are to be set out, 
thus reducing the distance of transportation. 

The grass may be set out in various ways, but the method which 
seems to be most satisfactory is as follows: The planting is done by 
two persons working together. One prepares the holes and the other 
inserts the grass. The holes are made with a spade specially con- 
structed, as shown in the illustration (fig. 4). The blade is rather heavy 
and has a sharp edge below. ‘The operator lifts the spade by the cross 
bar or handle with both hands, and allows it to drop into the sand 
mostly by its own weight. He moves the handle back and forth once 
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or twice, or until the blade has been worked down through the sand 
to the required depth. This makes a V-shaped opening in the sand 8 
to 12 inches deep. ‘The sand must be moist enough to retain its posi- 
tion or this method can not be used. ‘The second worker now takes a 
portion of grass sufficient for one planting and places it in the hole, 
flattening out the bunch properly. The first worker puts the spade in 
the sand just behind the bunch, pushes the sand up tightly against the 
grass, and the operation is completed (fig. 5). The grass can be set 
out quite rapidly in this manner (Pl. VII, fig. 2). 

Arrangement of the plantation.—lf the dunes are already partially 
covered with beach grass, it may be necessary to plant only here and 
there in the bare places to prevent excavation by-the wind or the 
formation of blowouts. If the sand is bare or covered with only a 
scattering growth, it is necessary to plant systematically. The most 
common method is to set the plants in rows. In Germany they are 
set in squares, the quadrat system, which will be 
described under methods used in the Kurische 
Nehrung. When the grass is set in rows, the 
bunches are placed so that they alternate in adja- 
cent rows. Ordinarily the rows are fairly straight 
and perpendicular to the prevailing direction of 
the wind. In an extended area, where there is a 
succession of dunes and depressions, the rows may 
follow the contour lines. Rows in the direction 
of the wind should be avoided, as a channel will 
be formed between. In broken dune areas the 
plantings are made between the dunes and along their slopes, but 
leaving the tops bare (PI. IV, fig. 1). 

Usually there is no preparation of the dunes in the way of leveling 
or filling, as it is found more economical to allow the wind to do this 
work. The idea is to accumulate sand in the channels and hollows and 
allow the wind to blow off the tops of the hills. To aid in leveling 
the high places the grass is removed from these so that the wind can 
have free access. No planting may be necessary in the low places 
where the sand has been blown off down to moisture, as such situa- 
tions support considerable vegetation. The planting is begun at the 
base of the slopes and proceeds toward the top, as it is the lower por- 
tions that are eroded the most rapidly, for the reasons stated when 
discussing wind velocity. 

The thickness of the planting depends upon local conditions. If it 
is necessary to accumulate sand rapidly, as in filling a channel, the 
grass is planted in large bunches placed closely together; but where 
the sand is easily accumulated, the grass is set thinly to prevent its— 
being covered. Under average conditions the rows are 15 to 18 
inches apart and the plants about a foot apart in the row. The amount 


Fig. 5.—Method used in 
planting beach grass. 
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of grass ina bunch is about what can be easily taken ‘in the hand and 
may consist of four or five stalks. 

Formation of the barrier dune.—The grass planting previously 
described applies particularly to the large dune areas near the coast, — 
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Fic. 6.—Diagram showing in cross section the successive steps taken in forming a barrier dune. The 
strand is at the left. 


where this process is preparatory to the planting of trees. The 
ction of the grass has been fulfilled when the forest is established. 
As stated in an earlier paragraph, there is a strip of sand along the — 


18 METHODS USED FOR CONTROLLING SAND DUNES, 


coast just back of the strand which presents conditions unfavorable to 
forest growth. Here it is necessary to hold the sand in place perma- 
nently by means of the grass. ‘To do this requires constant super- 
vision. ‘Through various causes bare spaces are likely to occur which 
must be replanted to prevent the formation of blowouts. Sometimes 
the bunches must be thinned, as the presence of two large adjacent 
bunches may cause the wind to draw through between them and form 
a channel. 


Fic. 7.—Repairing a small breach in a barrier dune by planting grass. 


On the Kurische Nehrung in Prussia and along the southwest coast 
of France it has been found advisable to form an artificial protecting 
dune extending all along the sea in front of the forest (Pl. VI, fig. 1). 
This dune is produced by accumulating the sand rapidly so as to form 
a long ridge (fig. 6). For this purpose brush fences, which consist of 
rows of brush or rough branches driven into the sand firmly but rising 
above the surface about 30 inches, are used. The tops should be on a 
level. ‘Two such rows are placed about 6 feet apart. These fences 
allow the wind to pass through, but reduce its velocity, and hence sand 
is deposited within and on both sides. When the sand has reached the 
top of the fences, a second pair is placed above. When a ridge has 
been formed, beach grass is planted in rows parallel to the crest. At 
first, plantings are made along the slopes and a short distance in front 
toward the strand. As the sand accumulates, the grass is planted far- 
ther to the windward. Finally the protecting dune assumes a com- 
paratively permanent form, with a long slope to windward (toward 


Fic. 8.—Repairing a larger breach by means of sand fences. The diagram represents a cross section 
of a dune with two rows of sand fence parallel to the dune and cross rows extending from the 
outer row to the broken face. 


the sea) of 4 to 5 degrees, or about 1:9, and a steep slope on the lee 
side of about 1:2 (Pl. V, fig. 1). As a matter of fact, the windward 
slope is often much steeper—as much as 1:6 or even 1:4. 

In practice this protecting dune must be established upon an area 
more or less broken by dunes of irregular shape. The ground line 
for the ridge is laid out to follow the coast in a general way, but to 
avoid all sharp bends or indentations of the shore line. The hollows 
and channels are filled up to the desired height, while the peaks and 
any small dunes lying in front are denuded of grass so that they are 
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ultimately removed by the wind. Such a ridge protects the forest or 
arable land lying in the lee, but requires constant supervision to keep 
it in repair. The danger is from encroachment of the sea during 
storms, especiallys in winter. <A single severe storm may break 
through and destroy several rods of well-built dune. Such a breach 
must be repaired as soon as possible, or the wind will still further 
erode the unprotected sand and enlarge the opening. These breaks 
are best filled in by means of sand fences (figs. 7 and 8 and Pl. LV, 
fig. 2). , 

It may be mentioned here that reclamation of sand dunes on a large 
scale is carried on in Europe by the general governments, as private 
individuals lack the necessary unity of purpose. This will be touched 
upon under the head of the particular regions visited. 


BINDING BY MEANS OF HEATHER. 


As stated previously, it is necessary to hold the sand in place while 
a forest is being established. Near the seacoast this is usually done by 
planting the beach grass, which is found growing wild upon the dunes. 
There are, however, vast stretches of inland dunes where beach grass 
does not grow, and the cost of transportation renders this method less 
economical than others. When fixing the sand is but preliminary to 
planting trees the method used depends upon the relative cost. Along 
the coast, where the fixation is permanent, the planting of beach grass 
is the only method which meets the requirements, and hence it is used 
even when it becomes necessary to import the plants. 

For a temporary covering any cheap inert material which meets the 
condition, such as brush, straw, or sawdust, may be used, but by far 
the most satisfactory material in northern Europe is the heather ( Ca/- 
luna vulgaris Salisb.). As it is a common plant in the sand-dune 
regions this method is used in the central portion of the Netherlands 
and in the interior regions of Denmark (PI. II], fig. 2). The heather 
can be used also in areas near the seacoast, as in western Denmark. 

Laying the heather.—The heather is cut off with scythes, spread 
over the surface, and held in place by a little sand. The scythe used 
for mowing is short and somewhat resembles American brush scythes. 
The heather is then tied in bundles and carried to the place where it 
is tobeused. Sometimes it may be necessary to transport the bundles 
some distance, as the heather grows usually only in the low places 
between the dunes, or at least it is here that it grows in suflicient 
luxuriance to be cut profitably. Since the heather is not planted, it is 
not necessary to use it immediately after gathering, as in the case of 
the grass. The plants are spread out flat upon the surface, overlap- 
ping each other in the rows, and are held in place by being partially 
covered with sand. The surface is not prepared, except that small 
inequalities are leveled so that the wind can not get beneath the layers 
of heather (PI. LI, fig. 1). 
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The heather is also used in road making. The roads through the 
dunes are laid out and graded in the usual manner, after which heather 
is laid thickly in courses upon the surface, thus preventing the wheels 
of vehicles from sinking into the sand (PI. I, fig. 2). 


BINDING WITH SAND HEDGES, 


Sand hedges are used for binding when other methods are not prac- 
ticable, or where the sand is drifting with especial force, or where it - 
is desired to accumulate sand with rapidity. In general this method 
involves the use of some inert material, like brush or rows of stakes or 
reeds, which projects above the surface of the sand and reduces the 
velocity of the wind without causing deflecting currents, which erode 
the sand. ‘The entire surface of the sand is not covered, but the action 
of the wind is hindered sufficiently so that the sand present remains in 
place and additions from the strand or from neighboring unprotected 
areas are accumulated (PI. LX, figs. 1 and 2). 

The sand fences or hedges are made from brush obtained in the 
forest. The branches are cut into pieces from 18 inches to 2 feet long, 
with sharpends. ‘The ends are sharpened by the slanting stroke which 
severs the stick. The side twigs are cut off roughly. These stakes 
are driven into the ground in rows, or, still better, in squares, thus 
‘atching the sand from all directions. The stakes project above the 
surface about a foot and should be ona line at the top, parallel with 
the general plane of the dune surface. The size of the squares depends 
on the tendency to drift, and varies from 9 to 12 feet. The rows 
should be at right angles to the direction of the prevailing wind. On 
dunes near the shore the rows should run parallel to this, with the 
short rows perpendicular. In covering a surface the long rows are 
first placed and the squares made by inserting crossrows between. 
The stakes should be close enough together in the rows so that the 
average width of the space is about equal to the average diameter of 
the stakes. The size of the stakes varies from half an inch to 2 inches 
(PI. IX, fie. VY: 

The common reed of Europe is utilized in the same manner. It is 
cut into the proper lengths and the pieces are set out in rows by about 
the same methods used in grass planting (Pl. LX, fig. 2). 

As previously stated, sand fences are used to repair breaks in protect- 
ing dunes, to fill channels previous to planting grass, or wherever it is 
necessary to accumulate sand. In these cases it may be advantageous 
to have the fences higher than when they are intended primarily to 
bind the sand. Sand fences are sometimes used along the base of dunes 
near the strand, where grass will not grow on account of occasional 
high tides (Pl. VIII, fig. 1). 

In place of sand fences heather or brush placed in rows or squares 
and held in place by a little sand thrown over one edge is sometimes 
used, 
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The processes previously described are as a rule only preparatory to 
establishing a forest. When the dunes are covered with trees they are 
permanently fixed, and the trees being cared for according to the usual 
regulations pertaining to forest management become a source of revenue 
to the Government. It appears that most of the large and troublesome 
dune areas along the coast were at one time covered with forest, not- 
ably Holland and the Kurische Nehrung, but 
through lack of foresight these areas were de- 
nuded of forest and ere long were converted into 
wastes of drifting sand. Some attempts were 
made in the early part of the last century to re- 
forest these areas by sowing the seed of forest 
trees. These trials all resulted in failure, 
although there are here and there in protected 
situations small and stunted groves which sur- 
vived. It has been proved that the only satisfac- 
tory method of establishing a forest in the north- 
ern dune areas is by setting out young trees, after 
the sand has been fixed by one of the methods 
described in previous paragraphs. In Gascony 
on the southwest coast of France, however, the 
forest has been successfully established from seed 
under conditions which will be described when 
speaking of the methods used in that country. 

The trees used are mostly conifers, the species Wu 
depending upon the locality. Inthe Netherlands 4.6m... 
Pinus austriacaand P. laricio are most successful Fic. 9.—Spade used in Prus- 
on the coastand P. sy/vestr7s on the interior dunes; alt . ee 
in Denmark Pinus montana on the coast and 
Picea excelsa (preceded by Pinus montana) on the interior ‘* heide; 
Pinus sylvestris and P. montana on the Kurische Nehrung; and Pinus 
maritima in Gascony. Deciduous trees, such as birches, alders, and 
oaks, are used along the roads and serve as fire guards. 

The seedlings are raised in nurseries located at convenient points 
near the area to be planted. These nurseries are often surrounded by 
wire netting to keep out rabbits and other harmful animals, and may 
also be protected from the wind by wind-breaks of reeds or cut 
branches of pine. 

The young trees are transplanted when one or two years old (fig. 9). 
The growth is often quite slow at first and the young forest needs 
much attention. Some of the trees die and these must be replaced. 
But on the whole these operations have been very successful, and now 
there are several areas of forest that are producing an income to the 
Government. 
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FIXATION AS OBSERVED IN EUROPE. 


Kor the purpose of observing the details of the European processes 
of dune reclamation as actually practiced, the Netherlands, Denmark, 
Germany, and France were visited. Below are given the details of the 
methods used in the countries mentioned, which may be taken as fairly 
typical of the work throughout Europe. 


THE NETHERLANDS. 


Through the kindness of the American minister at The Hague, Mr. 
Newel, and Mr. Van Marez Oijens, the minister of the department 
of waterworks, a detailed examination of the dunes near Alkmaar and 
in the vicinity of Barneveld was made. 


COASTAL DUNES. 


A line of dunes extends all along the coast of the provinces of North 
Holland and South Holland. These are two of the richest provinces 
in the Kingdom, and it becomes of great importance to prevent the 
encroachment upon the agricultural lands which lie just back of the 
coast. The dunes were visited in company with Mr. Van Dissel, who 
has charge of this portion of the work, and who explained the details 
of the methods used at that point. The particular portion of the dunes 
visited was near the little town of Schoorl. The land to be reclaimed 
was the property of the General Government. At an earlier period 
this region was covered with forest trees, but these were cut off to be 
used for fuel and other purposes. The result was disastrous. The 
covering of vegetation was broken through, allowing the wind access 
to the sand, and finally the whole area was converted into a series of 
shifting dunes. About forty years ago an attempt was made to reforest 
these dunes by sowing the seed of pines. These seeds seem to have 
eerminated quite readily, but the seedlings were unable to withstand 
the severe conditions, and now all that remain to show for the work are 
a few isolated groves in protected places. The Government has now 
planned an extensive system of reclamation which in time will convert 
all of this waste into a productive forest. 

The preliminary fixation is done by planting beach grass, as indi- 
cated in a previous paragraph. (See Pl. VII, fig. 1.) In this region 
there is no inert covering that can be economically used, but beach 
grass grows abundantly all along the coast. As it is easier to obtain 
the necessary labor in the autumn, the planting takes place at this 
season rather than the spring. Furthermore, it is easier in the autumn 
for unskilled laborers to choose grass of the proper age for planting, 
as in the spring the portion above ground is dried and brown, thus 
making it difficult to distinguish between the shoots of different 
ages. Care is taken to gather grass for planting from places where 
it is growing thickly, so as not to rob the sand of its covering to an 
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injurious extent. In gathering the grass a short-handled spade is used. 
The little bunches are tied in bundles of 72, this being a convenient 
armful and also a convenient number for calculation, six dozen. The 
planting is done by two persons working together, as already described. 
Sometimes the sand is pressed back upon the transplanted grass by 
means of the foot instead of the first worker using the spade. While 
a handful is more than necessary, experience has shown that some of 
the grass fails to grow. Even though it does not grow, the dead grass 
acts as a barrier to the sand for some time, at least one year. The 
grass is planted in rows about 40 centimeters (16 inches) apart and 
30 centimeters apart in the row, the bunches in successive rows 
alternating. If the sand is not entirely bare, the bunches are planted 
here and there where they are needed. Ordinarily no attempt is made 
to level or alter the ground and in many places steep hillsides are 
planted. However, there are cases where the land is somewhat pre- 
pared, especially by leveling sharp points that rise above the general 
surface. In the region visited there is no protecting dune along the 
strand, and such a method of protection seems not to have been used 
in Holland. 

After the sand has been planted to grass to prevent its drifting, the 
trees are set out. The young trees are grown in nurseries from seed 
planted usually in April. Trees are set out when one or two years old 
in spring or fall, according to conditions. Several species have been 
tried, such as Abies balsamea Mill., Pinus austriaca Link, P. laricio 
Poir., P. maritima Lam., P. rigida Mill., P. sylvestris L., Quercus 
pedunculata Ebrh., Q. rubra L., and Lobinia pseudacacia L. 

It has been found that the species best adapted for exposed situa- 
tions are Pinus austriaca and P. laricio. Some other pines, especially 
P. sylvestris, ave good for the more sheltered places. 

The cost of setting the grass is 50 to 75 guilders” per hectare, and 
the total cost of reforesting is about 150 guilders per hectare (about 
$22 per acre). It must be remembered, however, that labor, the most 
important item of expense, costs much less than in the United States. 


INTERIOR DUNES. 


In company with Mr. Jager-Gerlings, an interior dune area in the 
Province of Gelderland, east of the town of Barneveld, was next vis- 
ited. This is known as heath land because heath or heather ( Ca//una 
vulgaris) is abundant here. The Government has purchased a quan- 
tity of this waste land and proposes to convert it into forest. The 
land is sterile and the country almost uninhabited. 

Here the preliminary fixation is by means of covering the sand with 
layers of cut heather. The heather is cut with a short, thick scythe 


“A guilder, gulden, or florin is worth about 40 cents in American money. A hee- 
tare is equal to 2.471 acres. 
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with astraight handle, tied in bundles about 1 meter in circumference, 
and carried to the place of use in carts or wagons The hills are coy- 
ered with the layers of heather described in the first part of this article 
(Pl. LU, fig 1). 

The region consists of dunes more or less bare and shifting, alter- 
nating with lower moist areas where there is a covering of vegetation, 
mostly heather. These low areas are sufliciently moist to keep the 
sand from drifting. Experience has shown that over much of this 
area trees do not thrive when set out in holes, as is customary. This 
seems to be due to the lack of air in the soil. It has therefore been 
found necessary to spade up the soil before the trees are planted. 
This is done by digging up the soil to a depth of 0.56 meter (about 22 
inches). It is unnecessary to spade up the soil over the entire surface, 
the digging being confined to strips 1.2 meters wide, with an unspaded 
space of 0.8 meter lying between. 

The trees are planted in rows, one near each margin of the spaded 
strip and 0.75 to 0.80 meter apart. Heather is laid between the rows 
to hold the sand. On the hills where the heather has been laid the 
trees may be planted in holes among the heather. The planting takes 
place in autumn or spring, but it is customary to plant the hills in the 
fall, leaving the low places till spring, when it is drier (Pl. I, fig. 1; 
Pi TE, fig 9}. : 

After the planting it is necessary to watch the growth of the trees 
and to stir the ground around them in proportion to their needs. , If 
the growth is poor and the trees remain stunted the ground is stirred 
with a stout four-tined rake. If the soil is moved too much the trees 
may make too vigorous a growth and the wood will not ripen sufli- 
ciently in the fall. 

The tree best suited to the greater part of this region is the common 
pine or, as it is called in America, the Scotch pine (Pinus sylvestris). 
It was stated that the trees from Scottish seed grew better than those 
from Norway seed. 

On the more sterile portions of the area better results are obtained 
from Pinus rigida and P. divaricata Gord. (P. banksiana Lam.). 
The black or Austrian pine (//nus austriaca) does not succeed well, 
its growth being too slow. /’%nus /aricéo promises well. 

About one-fourth of 1 per cent of the trees die from various causes, 
and these it is necessary to replace. Various insects prey upon the 
trees. In this connection it is noteworthy that bird houses are placed 
at intervals in the forest to attract birds that devour harmful insects 
or their larve. A bird called the ‘*birkhuhn” nips off the young 
buds. Rabbits and other small animals gnaw the bark. <A root fun- 
gus (Agaricus melleus) kills many individuals. These are replaced by 
choke-cherry (Prunus virginiana). 
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The cost of the work per hectare at this point is approximately as 


follows: 
Guilders, 
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This makes the total cost about 100 guilders per hectare, or about 
S16 per acre. 

The different parts of the plantation are reached by means of roads 
placed at convenient distances. There is usually a strip of deciduous 
trees, mostly of birches, planted along these roads as a protection in 
case of fire, since conifers burn with ease, while the birches do not. In 
passing through the higher dunes, it is necessary to have the roads 
curve between them in order that the wind may not sweep through 
and cause serious erosion. 


DENMARK. 


Through the kindness of Prof. Eugene Warming, director of the 
botanical garden at Copenhagen, letters of introduction to the dune 
inspectors at Aar and Skagen were obtained. Dune areas extend all 
along the coast of western and northern Denmark, but these two 
points were selected as being typical of the entire region. 


OXBOL. 


The first point visited was in the southwestern part of Denmark in 
the Province of Ribe. Mr. R. P. F. Bang, the inspector of this dis- 
trict, lives at Aar, near Oxbdél, which is reached via Esbjerg and 
Varde. The method used here for fixing the sand and planting trees is 
similar to that used in Holland; the conditions are also very similar. 
The region consists of a series of sand dunes, with low places inter- 
spersed, and extends some distance back from the coast. There has 
been no attempt in this region to form a barrier dune. As the 
heather grows abundantly throughout most of the dune region this 
plant is used for the purpose of fixation except near the coast. The 
young forest consists for the most part of Pus montana and Picea 
alba. Jn addition, Mr. Bang has experimented with cea sitchensis 
and 2. nordmanniana, both of which promise success. 7% nus austriaca 
is injured by the cold winters, and P%cea exrcelsa does not successfully 
withstand severe winds. On certain portions, where the soil is com- 
paratively rich, cea pectinata succeeds. 

About fifty years ago an attempt was made to establish a forest in 
this region, and in certain isolated and protected places portions of 
this forest are now in evidence. The trees, according to the situation, 


9 


26 METHODS USED FOR CONTROLLING SAND DUNES. 


may be 3 to 15 feet high, but for the most part present a very stunted 
erowth, 

The heather is laid at any time of the year when it can be most con- 
veniently done.“ Near the coast, where beach grass is used, the plant- 
ine takes place as in Holland except that on account of the broken 
nature of the country and the strong winds it is found that the 
bunches of grass must be smaller, consisting only of one or two 
pieces. The pines are planted when they are 3 years old and the 
spruces at 4 years. The plantation showed a very marked differ- 
ence in the condition of the trees, depending on the richness of the soil 
and the exposure. The stunting of the trees is very noticeable in the 
native forest near the coast. ‘The trees nearest the coast are small and 
scrubby, and for some distance inland they bear very few branches on 
the windward side, therefore appearing very lopsided. The entire 
cost of laying the heather, planting and raising the trees, is 300 crowns 
per hectare,? or about $32 per acre. The usual compensation for 
planting the grass is about 8 cents per square rod, the work being done 
at a fixed price (4 6re) per 4 square meters. 


SKAGEN. 


The investigation of the dunes around Skagen at the north end of 
Denmark was made in company with the inspector, Mr. C. F. Dahlerup. 
The whole peninsula above Frederikshavn is one vast sand area con- 
sisting mostly of dunes. Between the dunes are more or less extended 
areas of flat land where the soil contains more humus. These lower 
portions can be used for grass and to a limited extent for other crops, 
but they must be fertilized and limed. For this purpose kainit and 
Thomas slag are used, and lupines are grown to supply nitrogen. The 
distance to the ground water determines the availability of the soil for 
crops, the most favorable distance being about 18 inches. If the 
eround water lies lower than this the soil is too dry and if above this 
it is too wet for cultivation. The land around Skagen and for about 
two miles south is owned privately, but a large area south of this is 
owned by the Government. The latter is carrying on asystem of recla- 
mation upon this area, and also upon some of the land owned privately. 
Upon the private land the cost is divided as follows: One-half is paid 
by the General Government, one-sixth by the province, one-sixth by 
the township, and one-sixth by the owner. 

The preliminary fixation is by means of beach grass planted in Octo- 
ber or November. Although in the more quiet portions of the dune 
the beach grass lives only from five to ten years, yet as it gradually 
dies out its place is taken by various native plants which serve to 


“The methods used in planting have been described in Tidskrift for Skoving, 12, 
Om de Nord-og vestjydske Klitters Beplantning. 
>A crown equals 26.8 cents in American money. 
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hold the sand effectively. Heather also lasts about the same time, 
but the native plants tend to take its place as it disintegrates. One 
of the common plants found as a native covering is reindeer moss. 
Salix repens, one of the willows, is an excellent plant for holding the 
sand, but thus far there has been no success in its artificial propaga- 
tion. On the large areas of beach-grass plantations the rows follow 
the contour lines and the planting extends from the base toward the 
apex of the hills, but the tops of the dunes are not planted. The cost 
of planting and gathering the grass is about the same here as around 
Oxbél. It is customary to hire one workman at a fixed price per 
square yard, and this man provides the necessary helpers. 

The trees used here upon the plantation are mostly P/nus montana 
and Picea alba. Picea sitchensis has been used to some extent and 
seems to do well, especially in wet places, but it has not yet been sufli- 
ciently tested. Picea alba withstands wind but will not endure 
drought. The seed of the trees is planted in seed beds in May. The 
following spring, when the seedlings are one year old, they are trans- 
planted to the nursery rows by an ingenious machine. It was said 
that by means of this machine 1,000 plants could be transplanted at a 
cost of about 6 cents. The trees are finally set out upon the dunes 
when they are three years old. Besides the conifers mentioned, oak 
(Quercus sessiliflora) and birch are employed as fire guards. It is 
interesting to note that the heather comes in naturally in the birch 
plantations, but does not appear in the oak plantations. Alder is 
planted on low places for the purpose of enriching the land, the nod- 
ules upon the roots having the same function as those upon the roots 
of legumes. Mr. Dahlerup stated that there are in all about thirty- 
five plantations in Denmark along the west coast of Jutland, one of 
the largest being this one at Skagen. Concerning the interior plan- 
tations in the ‘*heide” region, he said that the preliminary fixation is 
by means of heather, while the young forest is composed of Pinus mon- 
tana and Picea excelsa. The latter is the best tree for the purpose, 
but it can not be grown successfully directly upon the heather land. 
It is therefore necessary to plant first Pinus montana. This kills the 
heather and /’cea excelsa can be made to grow in the shade of the pine. 
Although Pinus montana can be successfully grown, it is inferior to 
Picea excelsa so far as its usefulness for timber purposes is concerned. 


GERMANY. 


The most extensive work to be found in Europe in the reclamation 
of sand-dune areas has been done along the north coast of Germany. 
The coast of the North Sea, and especially the North and East Friesian 
Islands, are continually subjected to the erosive action of wind and 
water, which requires not only extensive work in the protection and 
reclamation of dunes but much in the way of mechanical obstruction. 
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The coast and harbors are protected in various ways by masonry and 
piles. Sand-dune works also extend in various places all along the 
coast of the Baltic Sea, which, however, are fully described in Ger- 
hardt’s book, previously mentioned. Therefore, for the purpose of 
inspecting the methods which are typical of the whole coast, a visit 
was made to only one of the important sand-dune regions of Ger- 
many—the Kurische Nehrung in northeastern Prussia. 

This is one of the most wonderful sand spits in the world, consist- 
ing of a narrow peninsula which extends northward from the region 
of Kranz for about 60 miles. ‘To the west lies the open ocean of the 
Baltic Sea and to the east the bay called the Kurisches Haff. The 
opening to the bay lies just to the north of this sand spit. On the 
opposite shore is located the somewhat important town of Memel, 
and there are three or four towns or villages situated in various places 
along the peninsula. ‘The strip of land is quite narrow, varying from 
1 to 5 miles in width. At one time this peninsula was covered with 
forests, but later the trees were removed and the region was soon 
converted into a series of shifting dunes. Besides the necessity for 
protecting the villages and arable land upon the peninsula it is neces- 
sary to prevent the increased encroachment of the sand upon the 
harbor to the east. For these reasons the Government undertook the 
reclamation of the whole peninsula. 

So much attention is given to this region in Gerhardt’s work that 
it is unnecessary to do more than note a few points in which the 
methods differ from those used in the Netherlands and in Denmark. 
In the first place, a long barrier dune, the entire length of the peninsula 
on the west side, has been produced. This is kept in repair by means of 
beach grass and the necessary sand fences. The beach grass is planted 
upon this dune ina much more exact and methodical manner than that 
seen elsewhere. The surface is first carefully laid off with a line in 
squares called ‘‘quadrats,” and the plants are placed with almost 
mathematical precision. The forest consists for the most part of 
Pinus montana. In the vicinity of Rossitten there are several large 
wandering dunes which have not been planted. These dunes are in- 
deed hills, being from 200 to 300 feet in height. As the general 
course of these shifting dunes is from the west toward the east, they 
will finally disappear in the waters of the Kurisches Haff. For this 
reason it has been thought inexpedient to make plantations upon them 
except where it has been necessary to protect villages and other val- 
uable property. 


Through the kindness of Prof. Christian Luerssen, who gave a letter 


of introduction to the dune inspector of this region, the venerable Mr. 
Epha, a veteran in the service of sand reclamation, every pains was 
taken to render the inspection of the dunes easy and satisfactory. 
The success of the work in this region is impressive. The conditions 
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are certainly as adverse as on any of the dune areas along the European 
coast; yet the vast sandy waste has been converted into a productive 
forest, which, with a comparatively small amount of attention, can be 
protected from further encroachment of the ocean. 

The cost of holding the sand by planting grass upon the wandering 
dunes of the Kurische Nehrung is said by Gerhardt to be from 170 to 
220 marks“ per hectare, or $17 to $22 per acre. This includes gather- 
ing the grass, transporting it to the plantation, and the setting The 
gathering costs from 2 to 2.50 marks, while the transportation costs 
about 2 marks per 100 bundles for distances not exceeding 3 miles 
and about 38 marks where the distance is 38 to 5 miles. Planting is 
usually done by the day, the wages paid being 1.30 to 1.80 marks for 
men and from 1 to 1.20 marks for women. ‘The laborers are mostly 
women (Pl. VII, fig. 2). According to circumstances the cost of 
planting 100 bundles may be 3 to 8 marks. Where the grass to be 
used is obtained in the vicinity by thinning the dense bunches the 
total cost of planting may be 5 to 10 marks per 100 bundles. 

The cost of the brush fences, where this method is used, is about 0.20 
mark (5 cents) per running meter. This includes gathering the brush, 
preparing the stakes, and setting the fence. As the material is obtained 
from the waste brush in the neighborhood, no charge is estimated for 
this. The amount of material is at the rate of 0.05 cubic meter per 
running meter. At this rate one cord of the prepared brush is sufli- 
cient to set about 80 yards of fence. 

The cost of establishing a forest is given by Gerhardt as 1,200 marks 
per hectare ($120 per acre). This is the average of ten years’ experi- 
ence upon the Kurische Nehrung and includes items as follows: 

| Cost per | Cost per 


| hectare. acre. 


Marks. | Dollars. 


Fixation of the shifting sand by means of sand or reed hedges...............-..-- 700 70. 00 

Eg oct aie lin wie ain wre 'u wesc ae ekg eh a eS ta oo in we xs 300 30. 00 

areas Or tne Holes for planting - 2. -4505. 6a. iced See eebab oe cde pad jee cscs | 50 | 5. 00 

Planting the young trees, 400 to the hectare ..... 2.2 2.56cceecacsecescccee ee ce cee ee 125 | 12.50 

I ee be en i 25 | 2.50 

PRMD ice at Od ut da xs va pun oem eeeU RO MEMO es sao co's 3s 1,200} 120.00 
FRANCE. 


The most important dune region in France is that along the south- 
western coast from the vicinity of Bordeaux to the Spanish line. 
Through the courtesy of Mr. Poisson, a botanist in the Jardin des 
Plantes, a letter of introduction to Mr. Emile Durégne, a civil engineer 
living in Bordeaux, who has been over the greater part of the dunes 


“A German mark is equal to 23.8 cents in American money. 
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in his capacity as surveyor, was provided. Mr. Durégne is very 
familiar with the whole region and with the methods which have been 
used to reclaim it, and has published some important papers upon the 
subject. The particular region visited was a few miles south of 
Arcachon. This is a part of the general dune system extending from 
the mouth of the Gironde River to Bayonne. Before this land was 
reclaimed a considerable portion lying back of the dunes was unfit for 
agriculture, as it consisted of alternating sand hills and marshes. 
Since the reclamation the conditions have so changed that the popula- 
tion has very materially increased. A barrier dune, similar to the one 
found in the Kurische Nehrung, extends all along the coast (Pl. VI, 
fie. 1). This is held in place in the same manner; that is, by means of 
beach grass and brush fences. The most marked difference in the 
method of reclamation is in the fact that a forest was established by 
sowing the seed. The seed of Pinus maritima is sown on the sand in 
October or November or in the spring during March and April, and 
the whole is then covered with brush or conifers. The seed soon 
eerminates, and, protected temporarily by the brush, grows into a 
forest. 

The total cost of covering the area with forest, including the plant- 
ing of the trees and the covering of the land, is about 320 franes per 
hectare, or about $26 per acre. The grass for planting the barrier 
dune is dug up by means of a small mattock, and is set with a conical 
instrument having a horizontal handle. The grass is planted in rows 
parallel to the course of the dune. Breaches are repaired by means of 
sand fences (Pl. IV, fig. 2), usually by placing two lines of fence 
about 6 meters apart and extending above the surface of the sand 60 
or 70 centimeters. As soon as these are covered a second line of fence 
is placed on top. The fence which was used in establishing the 
original barrier dune was placed about 2 meters high. Where ravines 
are to be filled with sand it is common to use these fences in a net- 
work of squares. Some portions of this protecting dune reach the 
extraordinary height of 200 feet or even more. There is evidence to 
show that in former times some of these dunes had encroached upon 
the inland forest, killed the trees, and then passed over them, as stumps 
are to be found on the windward side along the shore (PI. V, fig. 2). 

Mr. J. Poisson“ has described the method used upon the dunes of the 
Coubre, a peninsula which lies just north of the mouth of the river 
Gironde. The seed of Pinus maritima was sown at the rate of about 
54 pounds to the acre, mixed with one-half pound each of furze, 
broom, and beach grass. The total cost of covering 2,100 hectares 
was 766,142 francs, or about 529 per acre. 


@Sur la fixation des dunes dans l’ouest et dans le nord de la France. Extrait des 
Comptes Rendus de I’ Association Frangaise pour l’ Avancement des Sciences. Paris, 
1900. 
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Mr. John Gifford, who has examined the dune region of the Landes, 
gives an account“ of the methods used in the original work of recla- 
mation, which is here appended: 


A littoral dune was constructed straight along the shore from the mouth of the 
Gironde to Bayonne. This dune is the secret of all success in the fixation of shift- 
ing sand. It is simply a bank of sand of certain dimensions, with a certain slope 
suited to the condition of affairs. This protective, or littoral, dune is formed as fol- 
lows: A double fence is constructed of brush, or of palisades driven in the sand, 
This stops the sand which comes from the ocean. Soon a ridge of sand forms, equal 
in height to the fence. A double fence is used, as it gives breadth to the dune and 
stops the sand which blows through the fence on the ocean side. As soon as a ridge 
of sand is formed as high as the fence, the old fence is pulled up or a new one built 
on top, and so on until a dune of the height desired is formed artificially. The 
proper height of a protective dune is 33 feet. It should slope 25 degrees toward the 
sea, and may be 60 degrees ? on the land side. The dune must be at least 300 feet 
from high-water mark. After the dune has reached the proper size, it is kept in 
shape by the sea marram (Psamma arenaria).¢ This peculiar plant, called gourbet 
in France, is exclusively used for fixing the sand on the littoral dune. It has long, 
much-divided rhizomes, and will grow well only when covered with fresh sand. The 
dune must always be kept in shape. If sand accumulates in any one spot in undue 
amount, a draft is formed, which may end in a breach of the littoral dune. ‘‘Gardes 
cantonniers’’ are stationed along the dune to watch it closely, and here and there on 
this long, straight sand bank groups of men and women may be seen digging up the 
gourbet in places where it is too thick and planting it where needed. Constantly 
the dune is watched and mended; the forest, villages, and fields in its lee are depend- 
ent upon it, and it in turn is dependent upon the humble but persistent gourbet. 

After the formation of the littoral dune comes the work of planting in its lee. The 
surface of the sand is covered with brush arranged like the slates on a roof, with a 
shovelful of sand here and there to hold it down. Then the seeds of Pinus maritima 
are sown, with seeds of other plants to shade the young pines, and seeds to attract insec- 
tivorous birds. The pines usually come up well and grow quickly, although close to the 
littoral dune they are gnarled and stunted by thesalt winds. Thus the sands are fixed, 
and, although the forests do not yield a good interest in cash, they are of incalculable 
value to a large proportion of the people of Gascony; in fact, indirectly, to the whole of 
France. Fire lanes have been constructed across the dunes, and, thanks to the watch- 
fulness of the guards and the rigid enforcement of laws, fires are almost impossible. 

Very little cutting is done in these forests, the revenue coming mainly from the 
resin industry. Owing to a lack of roads and insufficient means of transportation 
on these dunes, only the most valuable timber is marketed, after being tapped for 
resin. If it is desirable to remove a tree, it is bled to death before being cut. All 
other trees are tapped very carefully, and are in no way injured by the process. In 
fact, bled timber is considered superior to unbled in France. The Hague method of 
orcharding is used, a system which does not injure the tree, but gives a resin of bet- 
ter quality and more abundant turpentine. Another article, however, could be 
written on the French method of turpentine orcharding. 

Other industries have started, the people have improved, and the country is more 
fruitful and beautiful, so that through the agency of trees a new province has been 
practically added to France. 


“The Control and Fixation of Shifting Sands. In the Engineering Magazine, 
January, 1898. 

> There is some error here in the angles given for the slope. The windward slope 
is from 4 degrees to 14 degrees, and the lee slope about 30 degrees. 

¢ Another name for beach grass ( Ammophila arenaria). 
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SUMMARY. 


Extensive and systematic work is done by various governments in 
Europe for the purpose of reclaiming waste dune areas. ‘The object 
may be to convert this waste into a productive forest, or to prevent 
the encroachment of the sand upon valuable property. 

The sancl is first held in place by some inert covering or a plantation 
of grass, and afterwards a forest is established by transplanting young 
trees. 

Trees will not grow in the immediate vicinity of the ocean; hence 
a narrow strip along the coast must be permanently held in place by 
means of a sand-binding grass. 

The best grass for this purpose is beach grass (Ammophila arenaria), 
which grows naturally along the sandy seashores of the North Atlantic 
coast. The same species grows along the shores of the Great Lakes 
and on the Atlantic coast of the United States as far south as North 
Carolina. 

The grass is transplanted in rows or squares in autumn or spring. 
Satisfactory results can not be produced by sowing the seed of this or 
of other plants directly upon the unprotected sand. 

Where heather grows in sufficient abundance this is cut and laid upon 
the surface of the sand. 

The third important method for preventing drifting is the use of sand 
fences. These consist of rows of rough stakes or pieces of brush driven 
into the sand and projecting above the surface from 1 to 3 feet. For 
holding the sand the shorter stakes are placed in squares of 9 to 12 feet, 
forming a network. For accumulating sand in hollows or repairing 
breaches in a protecting dune the high fences may be used. Solid 
fences are not used. 

The drifting of the sand having been prevented by one of the above 
methods, young trees are set out to form the permanent covering of 
forest. In northern Europe no satisfactory results have been obtained 
in establishing a forest by sowing the seed, but in southwestern France 
a forest was produced by sowing the seed oe Pinus maritima upon the 
sand and covering it with brush. 

The trees used are: In the Netherlands, Pinus austriaca and P. laricio 
near the coast, P. sylvestris on the interior dunes; Denmark, Pinus 
montana near the coast and Picea excelsa (preceded by Pinus montana) 
on interior heath land; Germany, Pinus montana; France, Pinus 
maritima. 

On the Kurische Nehrung and in other parts of Prussia, and in 
Gascony, a long barrier dune has been formed artificially to protect 
the land lying back of it. This is kept in repair by planes beach 
grass and by the use of sand fences when necessary. 
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DESCRIPTION OF PLATES. 


Puare I. Frontispiece. Beach grass (Ammophila arenaria Link). Drawing from her- 
barium specimen. 


Puarte Il. Fig. 1.—Inland dunes near Barneveld, the Netherlands. In the background 
the dunes have been covered with heather to prevent drifting and afterwards set 
out with Pinus sylvestris. In the foreground the pines have been planted without 
a covering of heather, as the sand is here moist enough to prevent its drifting. 
Fig. 2.—Inland dunes near Barneveld, the Netherlands, showing road in process 
of construction through the plantations. In the background the dunes are 
covered with heather. In the foreground is the road, the sand being ridged up 
with ditches at each side. Upon the sand is placed heather in a thick layer. 
This prevents the wheels of vehicles from sinking into the loose sand. 


Puare III. Fig. 1.—Inland dunes near Barneveld, the Netherlands, showing a plan- 
tation of Pinus sylvestris on a covering of heather. The sand is first covered with 
a layer of cut heather to prevent its drifting. Fig. 2—Unreclaimed sand dunes 
near Alkmaar, the Netherlands. In the foreground is a low area partially 
covered with heather. In the interior such areas furnish the heather, which is 
cut and laid upon the surface of the sand to prevent its drifting. 


Puate IY. Fig. 1.—Plantation of beach grass upon the dunes near Oxbol, Denmark. 
This shows how the plantations are made along the lower places and part way 
up the slopes of the dunes, the tops remaining unplanted. The grass will be 
planted somewhat higher on the slopes as opportunity permits, but the tops will 
be denuded of grass to facilitate the removal of the sand by the wind. Fig. 2.— 
Barrier or protecting dune south of Arcachon, France. To the left beach grass 
has been planted in rows parallel to the beach. In the center is a sand fence, 
placed to repair a breach, which is now nearly covered with sand. To the 
extreme right is the forest in the lee of the dune. 


Puate V. Fig. 1.—Lee slope of a portion of the barrier dune south of Arcachon, 
France. Since the dune has been fixed on the windward slope, the advance of 
the sand inland has been very slow, as shown by young trees growing along the 
slope. Fig. 2.—Unreclaimed sand dunes south of Arcachon, France. The 
stumps are the remains of a forest which has been covered and again uncovered 
by an advancing dune. 


Puiate VI. Fig 1.—General view of the barrier dune south of Arcachon, France. 
This dune stretches along the coast from Arcachon to Bayonne, about 75 miles, 
and protects the forest of Pinus maritima in its lee at the right. The ocean is 
seen at the left. This dune was formed artificially with the help of sand fences 
and beach grass and is now held in position by the same means. [From a pho- 
tograph by Mr. E. Durégne.] Fig. 2.—Unreclaimed sand dunes south of Arca- 
chon, France. The sand is drifting badly at this point. Here and there a sniall 
hillock is held in place by a bunch of beach grass. 

Piate VII. Fig. 1.—Laborers digging beach grass near Alkmaar, in the Netherlands. 
The instrument used for this purpose here is a spade with a rounded point. The 
grass is obtained upon the dunes where it is growing naturally, by thinning out 
the bunches. In the background may be seen the unreclaimed dunes partially 
covered with vegetation. Fig. 2.—Laborers setting out beach grass upon the barrier 
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dune at Rossitten, on the Kurische Nehrung. At the right is the overseer. The 
grass is set in squares or ‘‘ quadrats.’’ The position of the rows is determined quite 
accurately by stretching a line between two poles, one of which appears in the 
illustration. One laborer makes the holes with a planting spade, while another 
sets the grass. At the left may be seen a bundle of the grass ready to be set. 


Piare VIII. Fig. 1.—Protecting the base of a barrier dune by means of two rows of 
sand fences. Storms had eaten away the face of the dune and the fences are 
placed to accumulate sand, after which grass will be planted. [From a cut in 
Gerhardt’s Diinenbau.] Fig. 2.—Protecting a road through the dunes, on the 
Frische Nehrung, Prussia. The road is curved and the slope is held by cover- 
ing with a layer of reeds and placing poles upon these. [From a cut in Gerhardt’s 
Diinenbau. | 


Puate IX. Fig. 1.—Shifting dunes held by sand fences on the Kurische Nehrung, 
Prussia. The fences are of brush placed in squares. Nearer the strand the 
brush is in rows parallel to the beach. [From a cut in Gerhardt’s Dinenbau. ] 
Fig. 2.—Shifting dunes held by means of sand fences of reeds, on the Kurische 
Nehrung, Prussia. “Next to the strand the reeds are placed in rows parallel to 
the beach. Farther up on the dunes they are placed in squares. A roadway 
passes through at this point. [From a cut in Gerhardt’s Dunenbau. ] 
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Bul. 57, Bureau of Plant Industry, U. S. Dept. of Agriculture, PLATE II. 


FiGg. 1.—DUNES HELD BY COVERING OF HEATHER. 


Fic. 2.—MAKING A ROAD IN THE DUNES. 


Bul. 57, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE III. 


FiG. 1.—PINE PLANTATIONS IN COVERING OF HEATHER. 


FiG. 2.—HEATHER AMONG THE DUNES. 


Bul. 57, Bureau of Plant Industry, U. S. Dept, of Agriculture. PLATE IV. 


Fic. 1.—BEACH GRASS PLANTATION ALONG BASE OF DUNES. 


Fia. 2.—BEACH GRASS AND SAND FENCE ON BARRIER DUNE. 


Bul. 57, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE V. 


Fic. 1.—LEE SLOPE OF BARRIER DUNE. 


FiG. 2.—REMAINS OF ONCE BuRIED FOREST. 
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Bul. 57, Bureau of Plant Industry, U. S, Dept. of Agriculture. PLATE VI. 


Fic. 1.—GENERAL VIEW OF BARRIER DUNE. 


Fia. 2.—UNRECLAIMED SHIFTING DUNE. 


Bul. 57, Bureau of Plant Industry, U. S, Dept. of Agriculture, PLATE VII. 


Fia. 1.—DIGGING BEACH GRASS FOR PLANTING. 


Fia. 2.—TRANSPLANTING BEACH GRASS. 


Bul. 57, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE VIII. 


FiG. 1.—SAND FENCES PROTECTING BASE OF DUNE. 


Fic. 2.—PROTECTING A ROAD THROUGH THE DUNES. 
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Bul. 57, Bureau of Plant Industry, U. S. Dept. of Agriculture, PLATE IX. 
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Fic. 1.—SHIFTING DUNES HELD BY BRUSH FENCES. 
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Fic. 2.—SHIFTING DUNE HELD BY REED FENCES. 


U, Ss. DEPARTMENT 


OF” AGRICULTURE. 
BUREAU OF PLANT INDUSTRY—-BULLETIN NO, 58, 
B.'T. GALLOWAY, Chief of Bureau, 


\ 


we ERG 


VITALITY AND GERMINATION OF SEEDS. 


BY 


JWT. De ye 


ASSISTANT IN THE SEED LABORATORY. 


BOTANICAL INVESTIGATIONS AND EXPERIMENTS. 


IssuED May 28, 1904, 


les tailleath 


Odie 


1 | 
S 

0 

* 


cf al 
* 
nt 


ye: 
is 


ay 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 


L904. 


BUREAU OF PLANT INDUSTRY. 
Bever.y T. GALLowAyY, Chief. 
J. EK. RockweE.u, /ditor. 
BOTANICAL INVESTIGATIONS AND EXPERIMENTS. 
SCIENTIFIC STAFF. | 
Freperick V. Covitin, Botanist. 


O. F. Coox, Botanist in Charge of Investigations in Tropical Agriculture. 


Ropney H. True, Physiologist, Drug and Medicinal Plant Investigations. 


Lysrer H. Dewey, Botanist in Charge of Investigations of Fiber Plants. 
Epaar Brown, Botanist in Charge of Seed Laboratory. 

Cart 8. Scorretp, Botanist in Charge of Grain Grade Investigations. 
G. N. Couuiys, Assistant Botanist, Tropical Agriculture. 

A. C. Crawrorp, Pharmacologist, Poisonous Plant Investigations. 
Witiram E. Sarrorp, Assistant Curator, Tropical Agriculture. 

F. H. Hituman, Assistant Botanist, Seed Herbarium. 

J. W. T. Duvet, Assistant, Seed Laboratory. 

W. W. Tracy, Jr., Assistant, Variety Trials. 

W. F. Wiaatr, Assistant, Geographic Botany. 

W. O. Ricutmann, Pharmacognostical Haxpert. 

AuiceE Henke, Assistant, Drug and Medicinal Plant Investigations. 
W. W. SrockserGcer, Expert, Drug and Medicinal Plant Investigations. 


2 


SO — 


LETTER OF TRANSMITTAL. 


U. S. DeparTMENT OF AGRICULTURE, 
Bureau oF PLAnt INpustrRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., March 26, 1904. 

Str: I have the honor to transmit herewith and to recommend for. 
publication as Bulletin No. 58 of the series of this Bureau the accom- 
panying technical paper entitled ‘*The Vitality and Germination of 
Seeds.” 

This paper was prepared by J. W. T. Duvel, Assistant in the Seed 
Laboratory, and has been submitted by the Botanist with a view to 
publication. 

Respectfully, B. T. GaLLoway, 
Chief of Bureau. 
Hon. JAMES Witson, 
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PREEAC E. 


Because of variation in the amount and quality of each year’s crop 
it is frequently necessary for seedsmen to carry over large quantities 
of seeds from one year to another. Such seeds often lose their ability 
to germinate, and either are a loss to the seedsman or, if they are 
marketed, cause still more serious losses to those who plant them. 
Since 1899 Mr. Duvel has been engaged in a general investigation of 
the causes affecting the vitality of seeds, with special reference to the 
conditions under which they are stored commercially. This investiga- 
tion was begun in 1899 under the Dexter M. Ferry Botanical Fellow- 
ship at the University of Michigan, and since September 1, 1902, it 
has been continued by the United States Department of Agriculture. 
An account of the whole study is presented herewith. 

The general method pursued has been to store seeds experimentally 
under all sorts of conditions, and afterward to ascertain the exact per- 
centage of germination. It is now possible to speak with precision of 
the extent of damage caused by careless methods of storage, to express 
in actual figures the greater liability of seeds to loss of vitality under 
thé warm humid conditions existing in the South Atlantic and Gulf 
States than under colder and drier conditions, and to demonstrate the 
utility of storing seeds, when they must be kept in a humid climate, in 
moisture-proof packages. A further investigation, i. e., of the extent 
to which vitality may be preserved by means of commercial cold stor- 
age, is now in progress. 

FREDERICK V. COVILLE, 
Botanist. 
OFFICE OF BOTANICAL INVESTIGATIONS AND EXPERIMENTS, 
Washington, D. C., December 5, 1903. 


5 


’ 


sis. 


CONTERIS. 


ROS ee ere oe aula Wn Sy Ree ek Ae is dup hens deensasehecens 
ER TOMMASO ohn oe EK wo 3d ne cece oebensn'e see vins 
MN Re ee 6 cain She ard La wn a os Cag bee coo oa acan keen te adeaue 
SreUCLOMRCMUS BNI BO DETALUB™ oo \.c0 cb oo nc ole bee seen wee 
Effect of climatic conditions on the vitality of seeds........................-- 
Causes of the losses in vitality in different climates ..... ................-.- 
Effect of moisture and temperature upon vitality ........... ...............- 
REA CM Pi Peale Pah Sse ieee NE = nn oe = anid oS thn ae Swe 
Effect of moisture on vitality at higher temperatures.............-..---- 
RO ee re a eat ea te a ECE. Lead cece. wee ames 
Effect of definite quantities of moisture on the vitality of seeds when they are 
kept within certain known limits of temperature ...............-.-------- 


A comparison of methods of storing and shipping seeds in order to protect 
them from moisture, and consequently to insure a better preservation of 
I ena Oe a ee inet he ee RM oe 8 oon wi 

mapeestions OF-carlier in vestigatore, .. 2 oc2sactcce4: -. «+... cee endows 
The necessity for thoroughly curing and drying seeds............-.----- 
Character of the seed warehouse or storage room ...........--.--------- 
The value of good seed to the market gardener ...............-...------ 
Pe Cems. 1 Charcoal, MOSS: CG... os so5505  --..--4s-deeues eames 
mane eT IMCS 7s ane. ok ee A - = ow ae 
ep ermeatneTaenlte maMaIMes eee bE see... 0. <ba's Set 
eee Glens Porminahon Tests snes eo eS. ow ee de 
Experiments in keeping and shipping seeds in special packages ......-..-.--- 
IEE PERRET re es et Se eh I, we wn Cae ee 
0 ASRS Seg aS SN ee eh 3. ee a 

Enzymes in seeds and the part they play in the preservation of vitality ....-.- 

aS a ese et ee ees Te oegaaa Meg eta |) ~ ie eA 

ICN TEe t 6 Seo Se A asus ee Se — oe wae weno reuen 


15 


26 


i LUS TRATIOAS. . 


TEXT FIGURES. 


Fia. 1. Apparatus used to determine the effect of moisture and temperature o 


the vitality of seeds in communication with free air 
2. Apparatus used to determine the effect of moisture and temperature — % 


on the vitality of seeds not in communication with free air. .... o<coee 


8 


B. P, I.—94. B. I. E.—56. 


THE VITALITY AND GERMINATION OF SEEDS. 


INTRODUCTION. 


It has long been known that the conditions under which plants are 
grown and the degree of maturity at the time of harvesting are fac- 
tors which play an important part in the life of seeds. But, granting 

‘that seeds are of strong vitality at the time of harvesting, there 

remain to be considered the methods of gathering and curing, the 
water content of the seed at the time of storing, the methods of stor- 
age, the humidity and temperature of the surrounding atmosphere, 
the composition of the seed, the nature of the seed coats, activities 
within the cells, and numerous other factors which play important 
parts in the life of the seed. 

The conditions necessary for the successful germination of a seed of 
good vitality and the chemical transformations accompanying these 
early stages of development have received considerable attention from 
numerous investigators. These changes and conditions are fairly well 
understood for many of our common seeds. However, several impor- 
tant facts still remain unexplained, and our knowledge will not be 
complete until each and every species has been carefully studied. 

On the other hand, the conditions influencing the vitality of seeds as 
commercially handled are but little understood and have been almost 
wholly neglected in research work. Likewise, but little attention has 
been given to the complex chemical and physical changes which take 
place in mature seed during the slow process of devitalization. It was 
in order to determine some of these factors that the work described in 
these pages was begun, and the results are thus of considerable practi- 
cal value as well as of scientific importance. The present paper treats 
chiefly of the conditions influencing the vitality and germination of 
seeds when subjected to such methods of treatment as are generally 
met with in the ordinary handling of seed. Particular attention has 
been: given to the effect of climate, moisture, and temperature on 
vitality, supplemented with a discussion of the changes taking place 
in mature seeds, especially the respiratory activities and the part 
played by enzymes. 
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The results of the above experiments have suggested improved 
methods of storing and shipping seeds so as to prolong thei vitality 
and also to secure the production of more vigorous seedlings. 

The work for the present paper was begun in 1899 at the University 
of Michigan and was continued for three consecutive years while the 
writer held the Dexter M. Ferry Botanical Fellowship in that institu- 
tion. During this time the investigation was under the direction of 
Prof. V. M. Spalding, Ph.D., and Dr. F. C. Neweombe, who showed 
great interest in it and gave valuable suggestions as the work pro- 
gressed, at the same time placing the facilities of the laboratory and 
of the library at the disposal of the writer. Since September 1, 1902, 
the work has been continued in the Seed Laboratory of the U. 5. 
Department of Agriculture. Valuable assistance in storing seeds was 
rendered by Prof. C. W. Burkett, at Durham, N. H.; Mr. E. E. Smith, 
Wagoner, Ind. T.; Prof. W. R. Dodson, Baton Rouge, La.; Prof. F.S. 
Karle, Auburn, Ala.; Zimmer Brothers, Mobile, Ala.; Prof. H. H, 
Hume, Lake City, Fla., and Prof. Charles B. Scott, San Juan, Porto 
Rico. | 

MATERIALS AND METHODS. 


SEEDS, 


For these experiments thirteen different samples of seeds were used, 
being so selected as to include representatives of ten different families 
and twelve genera and species, as follows: 

Poacex—Zea mays, sweet corn (two samples). 

Liliacee—Allium cepa 1., onion. 

Brassicacee— Brassica oleracea L., cabbage; Raphanus sativus L., 
radish. 

Apiacee— Daucus carota L., carrot. 

Kabacee— Pisum sativum L., pea; Phaseolus vulgaris L., bean. 

Violacee— Viola tricolor L., pansy. : 

Polemoniacee— Phlox drummondi Hook, phlox. 

Solanacee— Lycopersicon lycopersicum (.) Karst., tomato. 

Cucurbitacee— Citrullus citrullus (.) Karst., watermelon. 

Asteraceexe—Lactuca sativa L., lettuce. 

It will thus be seen that the seeds used cover a wide range as to 
family characteristics, as well as size, structure, and composition of 
seed. Likewise they are all from plants of the garden or field that 
have undergone a high degree of cultivation, thus enabling the seeds 
to withstand more or less variation as to conditions of vitality and 
growth. 

All seeds used throughout these experiments were provided by 
D. M. Ferry & Co., of Detroit, Mich., and the seed furnished was of 
strong vitality and of known age and origin. The corn ‘‘ A” (Minne- 
sota Sweet), onion (Yellow Danvers), pea (D. M. Ferry Extra Early), 
bean (Yellow Kidney, Six Weeks), tomato (Dwarf Champion), and the 
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watermelon (Sweet Mountain) were grown in Michigan. The corn 
**B” (Minnesota Sweet), was grown in Nebraska, the cabbage (Win- 
ningstedt), in Washington, and the lettuce (Black-Seeded Simpson), in 
California, while the radish (Karly Searlet Turnip-Rooted), carrot 
(Chantenay), pansy (mixed), and Phlow druwmmondii (mixed) were 
erown in France. ‘The seed was all of the harvest of 1899 and was 
received at the botanical laboratory of the University of Michigan on 
January 27, 1900, 

On January 30, 1900, germination tests were made, showing the 
vitality of the seeds to be as follows: 


Vitality of seeds tested January 80, 1900. 


Percent- Percent- 

Kind of seed. neat: Kind of seed. thee Pea 
tion. ' tion. 
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GERMINATION TESTS AND APPARATUS. 


In the preliminary work several methods of testing were tried, but 
as none proved as serviceable as the ‘*‘ Geneva tester,” this apparatus 
was adopted for all subsequent tests as recorded in the following 
pages. The detailed construction of this tester need not be described, 
for it is simple and quite familiar toall. However, some modifications 
were made in the preparation of the apparatus, and some precautions 
taken in the manipulation, which have proved to be of much value. 
The brass wires originally and ordinarily used to support the folds of 
cloth were replaced by glass rods of 6 to 7mm. diameter. Rods of 
this size are much heavier than is necessary to support the folds of 
cloth, but the chief advantage in having rods of large diameter is that 
in case of the germination of large seeds the folds can be drawn near 
together at the top and still have sufficient space within the fold for the 
seeds. On the other hand, in the germination of small seeds that 
require considerable quantities of air, the folds can be closed at the 
top by bringing the rods together, thus insuring more uniform condi- 
tions throughout the fold and at the same time leaving suflicient space 
above the seeds for an abundant supply of air. The chief advantage 
in substituting glass rods for brass wires is in removing the possible 
source of injury resulting from the poisonous action of the dissolved 
copper. 

Another error frequently, if not always, made in using such a tester 
is in allowing the ends of the cloths, or sometimes the bottoms of the 
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folds, to dip into water in the pan. ‘This should never be permitted, 
for in that way seeds are kept too moist, especially near the ends of 
the folds. Likewise such methods give an opportunity for the trans- 
mission of dissolved copper and a resulting injury to the seeds. For 
this same reason the strips of cloth should be made sufficiently narrow 
not to come into contact with the sides of the pan. 

Much better results are obtained if the seeds, before being placed 
in the germinator, are soaked in water for several hours, the length 
of time depending on the power of absorption of the seeds. In these 
experiments the seeds were always soaked in distilled water for twelve 
or fifteen hours before transferring them to the germinator. This 
preliminary soaking gives a more speedy germination, which is always 
advantageous, especially in making comparative germination tests. 
In order to supply the requisite amount of moisture for subsequent 
growth, the cloths were first uniformly and completely wet with dis- 
tilled water; moreover much care was taken to see that there was only 
avery small quantity of water in the bottom of the pan. In case of 
seeds that germinate readily, such as cabbage, lettuce, and onion, it is 
necessary that all surface water be removed from the bottom of the 
germinator if good results are desired. The pan then being covered 
with a glass plate, it is seldom necessary to increase the amount of 
moisture, for seeds when once soaked need only to be kept slightly 
moist and not wet, as must necessarily be true if the ends of the cloths 
or bottoms of the folds dip into the water. After soaking, the water — 
in the seeds and cloths is ample for the completion of most germina- 
tion tests. However, in an occasional test the seeds may become 
slightly dry, which happens when the cover is kept off the pan fora 
considerable time while counting germinated seeds. In such cases the 
remedy is to pour a small quantity of water in the bottom of the pan, . 
or in extreme cases to moisten the folds with a fine spray. | 

If the above modifications be adopted and the necessary precautions 
taken, many of the objections frequently made to the Geneva tester 
will be removed and the difficulties will be overcome; at least it is a 
most excellent method of testing seeds where comparative results are 
especially desired. It must also be borne in mind that the Canton flan- 
nel (which is generally used in making the pockets) should always be 
of the best grade and should never be used a second time without being 
thoroughly cleaned and sterilized. 

In selecting samples for germination the impurities and the imma-_ 
ture seeds were first removed. The samples for test were then made 
up of the remaining large and small seed. For the most part 200 
seeds were taken for a test, but with the larger seeds—corn, pea, bean, — 
and watermelon—100 seeds were usually used. In all cases where any 
irregularity was apparent, tests were repeated. The controls are 
based on the results of several duplicate tests. . 
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All germination tests were made in a dark room where the temper- 
ature could be comparatively well regulated and was maintained nearly 
constant throughout most tests. Germinated seeds were removed daily 
during early stages of the tests and a complete record of the number 
germinating each day was kept. This is of value in seed testing, 
because the germinative energy of a seed tells much as to its vitality. 
If seeds have a high vitality, the germinative energy will be very 
strong, 1. e., germination will take place rapidly, giving rise to strong 
and vigorous seedlings; but if the seeds are of very low vitality, there 
will be a corresponding retardation in germination, giving rise to 
weak seedlings, i. e., showing a low germinative energy. In most 
cases throughout this work only the final percentages of germination 
are tabulated. 


EFFECT OF CLIMATIC CONDITIONS ON THE VITALITY OF SEEDS. 


It has long since been known that seeds under ordinary conditions 
lose their power of germination after the lapse of a few years, or in 
some cases within a few weeks or months. Many investigators have 
also learned that the rapidity with which seeds lose their vitality, when 
stored under ordinary conditions, varies greatly with the section of 
the country in which such seeds are kept. This loss in vitality is espe- 
cially marked in the case of seeds stored in places of relatively high 
humidity. The rapid deterioration of seeds in localities having a 
humid atmosphere has become a source of much embarrassment to 
seedsmen, for they have experienced many difficulties in shipping seed 
to such places. This is especially marked in the case of seeds sent to 
growers or dealers in the vicinity of the Gulf of Mexico. Gardeners 
and planters in that part of the United States are continually com- 
plaining about the nonviable seeds sent out by seedsmen. Some grow- 
ers have learned how to guard against this difficulty to a certain extent. 
Zimmer Brothers, of Mobile, Ala., wrote, on February 28, 1900, con- 
‘cerning this matter, as follows: 

During thirty years’ experience in market gardening, we have learned that seeds 
of many hardy plants will not keep in our climate, and when ordering we so time 
our order that we can plant the seeds as soon as received. If such be impossible, we 
are very careful to keep the original package unopened until conditions are favorable 
for planting. If we find it necessary to keep seeds of hardy plants for some months, 
we put them up on arrival in dry bottles, put on top a bit of cotton saturated with 
chloroform and cork tightly. We have kept, in that way, cauliflower seed satisfac- 
torily for twelve months. At the shore seeds keep very badly; one-half mile back 
they do much better. Asa rule seeds of tender plants give but little trouble. 

As far as has been ascertained, no definite experiments have been 
made with these points in view, and especially with the idea of deter- 
mining the. cause or causes of this deterioration of vital energy. In 
order to obtain reliable data on these points, a series of experiments 
was undertaken in February, 1900, to determine how seeds are affected 
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when distributed to different parts of the United States and submitted 
to the free influence of various climates. Likewise at the various 
points where tests were made the seeds were subjected to different 
treatments. , 

The places selected for these tests were San Juan, P. R., Lake City, 
Fla., Mobile, Ala., Auburn, Ala., Baton Rouge, La., Wagoner, Ind. T., 
Durham, N. H., and Ann Arbor, Mich. 

A sample of each species of seed was put up separately in double 
manila coin envelopes and in closely corked bottles. Duplicate sets 
of each series were then subjected at each of the above-named places 
to the following conditions: 

Trade conditions.—Conditions similar to those in which seeds are 
kept when offered for sale by retail dealers, the seed being more or 
less exposed to meteorological changes and subjected to natural varia- 
tions in temperature and humidity. For the most part the seeds were 
in rooms that were never heated. 

Dry rooms.—Kooms in the interior of buildings which were artifi- 
cially heated during cold weather, and where the quantity of moisture 
was relatively small and the temperature comparatively constant. 

Basements. —Rooms where the temperature was comparatively low 
and uniform, and the relative humidity of the surrounding air was 
much higher than in ‘‘ trade conditions” and ‘*‘dry rooms.” 


These conditions varied in the different places at which tests were 


made, and a more detailed description will be given when the results 
of the germination tests are discussed. 

For the first part of this paper, treating of the influence of climate 
on vitality, none of the seeds need to be considered save those pre- 
pared in paper packages and kept under trade conditions, these coming 
more nearly under the direct action of the surrounding atmosphere. 
A sample of each kind of seed was put up in a manila (No. 2) coin 
envelope, and each of these packages was then inserted in a second 


(No. 3) coin envelope. Duplicate samples of every kind of seed were’ 


sent to the various testing places, where they were subjected to trade 
conditions. At San Juan the packages of seeds were kept in an open 
room, being subjected to the full action of the atmosphere but pro- 
tected from the direct rays of the sun and from rain. At Lake City 
the packages were kept in a one-story frame building which was not 
artificially heated and the doors of which were open the greater 
portion of the time. At Mobile the packages of seeds were stored in 
a comparatively open attic of a private dwelling. At Auburn the 
seeds were stored in a greenhouse office, with the doors frequently 
standing open. At Baton Rouge the packages were kept on a shelf in 
a grocery store, the doors of which were closed only during the night. 
At Wagoner the conditions were very similar to those of Baton Rouge, 
save that the packages of seeds were kept ina drug store. At Dur- 
ham the seeds were kept over a door at the entrance of one of the 
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college buildings. This door opens into a hall which communicates 
with the offices, chemical laboratory, and the basement. At Ann 
Arbor the seeds were stored in the botanical laboratory, with slightly 
varying conditions, they being near a window which was frequently 
open during the summer, and at irregular intervals during the early 
part of the summer the packages were placed in the window so as to 
receive the direct rays of the sun. The seeds stored at Ann Arbor 
served partially as controls for those sent to the various other places, 
and, in addition to the last-named series, seeds from the original 
packages, as received from D. M. Ferry & Co., were kept in a dry 
and comparatively cool closet on the fourth floor of the botanical lab- 
oratory. ‘These seeds served as checks for the complete set of exper- 
iments, and are designated throughout this paper as ‘* Control.” 

The samples were sent out to the above-named places in February, 
1900. The first complete set was returned in June, or early July, of 
that year. The second complete set was allowed to remain throughout 
the entire summer, and was returned in October and early November 
of the same year. The average time of treatment for the two series 
of experiments was 128 and 251 days respectively. When the seeds 
were returned, germination tests were made as soon as possible. The 
Jength of time that the seeds were in the various places and the vitality 
as shown by the germination tests are given in Tables I and II. In 
both tables the columns from left to right, beginning with Mobile, 
Ala., are in the order of the degree to which the seeds were injured. 


TABLE |I.—Effect of climate on vitality, as shown by percentage of germination—first test. 
4 4 ’ « - e 


San 


Wagon- 


Lake 


Dur- 


Mobile, Juan, foaen er, City, | ham, fase ) 
con- |Feb. 17| fon’ | rep-i7 |Heb. 17| Feb,’ |e » ii|FeLni7| Ann 
Kind of seed. a a eae sae ahs oe ed ab dal tae ay te a orn a 
140” June 20. June1s. |June23.|June18. July 14. May 30.| Mich. 

davs. 129 121 126 129 147 102 | 

’ days. | days. days. | days. | days. | days. | 
Corn, sweet, “A’’....... 9.9 | 80.0 | 96.0 96.0 | 96.0 | 94.0 | 100.0 | 96.0 | 100.0 
form. sweet, *B” ...... 89.3 48. 0 72.0 80.0 70.0 86.0 89.3 88. 0 92.0 
SOU SS es 95.8 7.0 84.5 90.0 93.5 95. 0 96.5 96.0 95.0 
Sa ee ee ee 92.7 64.5 82.0 88.5 83.5 89.5 93.0 91.0 96.0 
UU se ae 83.6 58.5 64.0 77.5 77.5 79.0 80.6 75.5 82.5 
MS ewe he veces aumn 83.3 59.0 71.5 74.3 81.5 76.5 78.0 84.5 76.0 
RE eich bes sewecencdss. 95.3 69. 2 94.0 94.0 98. 0 96.0 98.0 93.3 90.0 
Lo Ry EE ee 98.7 58.0 100. 0 96. 0 96.0 98.0 100. 0 98.0 98.0 
in ht nie sa aha Se os 63.0 | 3.0 20.0 28.5 48.5 44.5 55. 5 57.5 63.5 
Phlox drummondii........ 69.0 0.5 23.5 47.5 50.5 41.5 67.0 61.5 67.0 
REMADE ae 2 das we.» & nibne 5 5 95.5 90.0 94.0 91.5 96.5 94.0 ,| 4. 5 95.0 89.0 
Watermelon............-.. 98.3 | 98.0 | 96.0 | 100.0 | 98.0 | 98.0 | 98.0 | 94.0 | 100.0 
ee bf tee 81.6 | 63.0 | 79.0 | 82.5 | 78.0 | 87.0 | 82.0 | $6.6 | 82.0 
Average of all seeds .! 87.79 13. 59 | 75.12 | 80.48 | 82.12 | 83.00 | 85. 57 | 85. 70 86. 23 


From Table I it will be seen that the loss of vitality in the case of 
seeds stored at Mobile was much greater than in those stored at any 
of the other places. The greatest loss in the samples tested was in the 
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phlox, where the germination was only 0.5 per cent, or a loss in vitality 
of 99.3 per cent as compared with the control. These results were 
closely followed by a loss in vitality of 95.9 and 02.7 per cent for the 
pansy and onion seed, respectively. The percentages of germination 
in the other cases, except the ‘*B” sweet corn, pea, and bean, were 
sufficient to have produced a fair stand, i. e., if we consider that far 
too many seeds are usually sown. But a decrease in the percentage 
of germination means seeds of a low germinative energy. Even 
though the final percentage of germination be up to standard, the 
retardation may be of vital importance. A very good example of the 
retardation in germination is shown in the tests of the watermelon 
seeds. In the control sample 94 per cent of the seed germinated in 
47} hours, while the seed returned from Mobile showed, during the 
same time, a germination of only 12 per cent; yet the difference in the 
final germination was only 0.3 per cent in favor of the control. Like- 
wise the seed returned from San Juan germinated only 20 per cent in 
474 hours, the final germination being 96 per cent or only 2.3 per cent 
lower than the control. 

Many similar cases might be mentioned in which the final per- 
centages of germination, as shown by the first set of tests given in 
Table I, represent a loss such as might be justly considered well within 
the limits of normal variation. However, that all of the samples of 
seed were injured as a result of the unfavorable climatic conditions is 
shown in the second set of tests set forth in Table II. In the latter 
case the seeds remained in the various places nearly twice as long as 
those used for the first test. 


Tae I1.—Effect of climate on vitality as shown by percentage of germination—second test. 


Mobile Baton | Dur- Au- Lake | Wag- San 
F ia’ 2 Rouge, | ham, | burn, | City, | oner, | Juan, 
Feb. 17 La., N.H., | Ala., | Fla., |Ind. T.,| P.RB., Ann 
“ ° Te | » » Way Te ‘a € 
Kind of seed. Con na Feb. 17 | Feb.17 | Feb.17| Feb.9 | Feb.17| Feb.9 Arbor, 
trol Nov.é to to to to to (9) Mick 
~9g2 || Oct. 22. | Oct. 26. |Nov.19.| Oct. 1. | Oct, 13.| Tune 20. : 
d ays 247 251 275 234 238 129 
7 days. | days. | days. | days. | days. | days. 
Corn, sweet, “A” ..2..-..- 94.5 | 20.0 88.0 | 96.0 | 880 | 92.0 | 90.0 | 92.0 98.0 
Corn sweet.“ B**....-.2-- 88. 5 12.0 54, 2 82.0 62.0 77.0 78.0 | 78.0 80.0 
CRON eee oe Soe aians yo cae ee 970: iF =0:8 0.5 0.0 12.0 16.5 24.5 50. 0 97.5 
be ee Se ee 92.4 17.0 05: 5 12.0 61.5 63.5 70.5 76.2 91.0 
Madinah. 3 se. ok asks 78.8 51.0 55.5 59.5 63.0 58.5 60.5 | 62.0 77.5 
OCartOR no Shon Feed ante 82.0 8.5 25.0 2:0 36.0 43.5 49.0 48.5 86.0 
BOR. 2.0. So soe ees 95.7 44.0 80. 0 94.0 97.9 86.5 80.0 98.0 98. 0 
Bean: t - o..+J asses 98.7 0.0 60.0 78.0 56.0 84.0 82.0 | 96. 0 100.0 
ON ee eS! Se ee ~~} 3.0 0.0 0.0 .0~ | 20 1.5 7.5 6.5 46.5 
Phlox drummondii ...-.-.--. 53.9 0.0 0.0 0.5 1.0 2.5 5.5 11.5 40.0 
OSU = voce ace eases 97.5 79.5 96.0 87.0 94.0 94.0 94.0 96.5 98.0 
Watermelon ..........-...- 99.0 64.0 | 92.0 82.0 | 86.0 92.0 94.0 88. 0 96.0 
PROG acs Dawe aleess ais 92.3 20.0 84.5 88.5 86.0 85.0 82.0 83.5 92.5 


| 
Average of all seeds .| 86.77 | 24.31 | 50.86 | 52.42 | 57.84| 61.27] 62.11 | 68.21 84.58 
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Even though the columns in both Tables I and IL are arranged in 
the order of the loss in vitality as shown by the averages of the 
various places, it will at once be seen that the relative degree of injury 
did not remain the same throughout the experiment. This is probably 
best explained by a variation in the climatic influences. It is evident 
that in some of the places where seeds were stored the effects were 
more deleterious during the time between the first and second tests 
than they were during the first period of storage of 128 days. The 
results given in Table II are of the greater value in showing the 
relative merits of the different localities as places for storing seeds, 
extending as they do over a longer period of time. 

As a result of the second series of tests it was found that the average 
percentage of germination of all of the samples of seed that were 
stored in trade conditions at Mobile for 262 days was only 24.31 per cent. 
This is equivalent to a loss in vitality of 71.98 per cent as compared 
with the average percentage of germination of the control samples, the 
average germination of the controls being 86.77 per cent. The pansy, 
phlox, onion, and beans stored at Mobile wholly lost their power of 
germination. The tomato seed, which proved to be the most resistant 
to unfavorable conditions, gave a germination of 79.5 per cent, or a 
loss in vitality of 18.46 per cent, as compared with the control sample, 
which germinated 97.5 per cent. The degree of deterioration in the 
seeds stored at the other places was much less marked than for those 
stored at Mobile. The loss in vitality was only 41.39 per cent in the 
seeds returned from Baton Rouge. The results from the seeds which 
were stored at Durham, Auburn, Lake City, Wagoner, and San Juan 
differed but little from those from Baton Rouge. The relative losses 
in vitality are in the order given. The seeds kept in the packages 
which were stored under trade conditions in the laboratory at the 
University of Michigan showed a loss in vitality of only 2.52 per cent 
as compared with the control, the seeds of which were stored in a cool, 
dry closet on the fourth floor of the botanical laboratory. Ordinarily 
a loss of 2.52 per cent would be considered as a normal variation due 
to sampling and testing, and such was probably true in these two sets, 
with the exception of the greater deterioration of the phlox, pansy, 
and **‘ B” sweet corn, which were undoubtedly injured by the unfa- 
vorable trade conditions, as repeated tests have shown. 

From Table II it will also be seen that the ‘tA’ sweet corn, peas, 
tomato, and watermelon, with the exception of those returned from 
Mobile, show a fair percentage of germination. In some cases the final 
percentages of germination were even higher than the controls; but, as 
previously stated, the final germination is not always a good criterion 
for the determination of vitality, it being necessary to consider the 
germinative energy as a basis for comparison. In order to show this 
more fully some of the detailed results are herewith given in Table III. 
These results show to a good advantage the degree to which germina- 
tion has been retarded. 
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Tasie IIl.—Reterdation in germination due to injury caused by unfavorable climatie 
conditions. 


Corn “A,” Peas, / Watermelon, | Tomato, 


| 

Germi- Germi- | Germi- | Germi- Germi- | 
nation | Final | nation | Final | nation | Final | nation | nation) Final 
atend | germi- | atend | germi- | at end | germi- | atend | at end | germi- 
of 64 | nation, of 40 nation, of 84 nation, | of 83 of 107 | nation. 
hours. hours, | hours, | hours, | hours. | 


Place where seeds 
were kept. 


Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent.| Per cent. 


Control ..........-. 81.3 94.5 79.6 95.7| 98.0 99.0 78.0 92.7 97.5 
Mobile, Ala ....... 4.0| 20.0] a24.0| 44.0] 0.0] 64.0 15| 125 79.5 
San Juan, P.R....| 64.0} 92.0 60. 0 98. 0 12.0 88.0 38.5 78.0 96.5 
Baton Rouge, La .. 50. 0 838. 0 36.0 80.0 | 0.0 92.0 9.0 56.0 96.0 
Wagoner, Ind. T .. 64.0 90.0 36.0 80. 0 2.0 94, 0 40.0 81.5 94.0 
Lake City, Fla..... 68.0 92.0 50. 0 86.0) 0.0 92.0} 16,5 65.0 94.0 
Durham, N. H..... 86.0 96.0 54.0 94.0 0.0 82.0 | 0.5 5.5 87.0 
Auburn, Ala....... 80.0 88.0 | «98.7 97.9 22.0 g6.0| 59.0 75.5 94.0 
Ann Arbor, Mich.. 82.0 98. 0 82.0 98. 0 94.0 » 96.0 75.5 91.0 98.5 


a After 62 hours. 


In order that the results of Tables I and II may be more readily and 
fully comprehended, it has been deemed advisable to summarize them 
in another table. For this purpose the average percentages of germi- 
nation of all of the different samples of seed have been determined for 
each of the different places. From these average percentages of ger- 
mination the deterioration in vitality, as shown by both the first and 
second tests as given in Tables I and II, have been calculated, the ger- 
mination of the controls serving as a basis for comparison. ‘These 
results furnish more trustworthy data as to the relative merits of the 


different localities as places for storing seeds. Likewise the per- 


centages of deterioration between the time of the first and the second 
tests are shown in Table IV. 


TABLE IV.—Average percentages of germination of all seeds kept at the various places, their 
deviations from the controls, and the increased percentages of loss in the second series of 
tests. 


Average germina- | Deterioration in | Deterio- 
tion of all seeds vitality as com- | ration in 


used in experi- pared with con- | yitality 

Place of storage. ments. trols. between 
limtwot tact | Secon os. Secon secon 
First test. tent. First test. test tests 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


CRO ie a cae ee ad Pee on ve oe ahd ce em 87.79 86.:770 |aas os es cas eee 1.16 
DORA A Sache toa ees ie wa ws we asa owe neat auces 53.59 24.31 38. 95 71. 98 54. 64 

68. 21 21.39 9. 20 
DAD TORR Be Whe sneded aps 2>25 2 "> <7+ss<ean nears ae %. 12) a 45,18 a 31 047.93 |  @39.86 
a RO LOS ES ea 80. 48 50. 86 8. 32 41,39 36, 81 
PROMINENT ed eno Ss ons eae eo Rean we 85. 57 52. 42 2.52 39. 58 38. 74 
ET RR St ae ee rs on Gh os ewan ee 85. 70 57.34 2.38 33. 91 33.10 
Be Oy ge esa ee tn o's dansk ~ab ond cneaes 83. 00 61. 27 5.45 29. 38 - 26.18 
RONIGT. PUN ee eo SP Se eg ie 82.12 62.11 6.45 28. 41 24.37 
ACA THOR WIGR ee meee ek 5c. oe chase Bee 86. 23 84. 58 Fey i 2.52 1,91 


— 


a Calculated results, 
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In Table TV the results are arranged in the order of the loss in vital- 
ity as shown by the second tests. However, a few words of explana- 
tion will be necessary, especially concerning the loss at San Juan. In 
the first place, the seeds were kept at San Juan only 131 days” during 
the early part of the summer, while during the most critical period, 
June 20 to November 6, they were in the botanical laboratory of the 
University of Michigan. Those marked Mobile, Ala., were, during 
the entire time, 262 days, under the influence of the warm, moist cli- 
mate of the Gulf of Mexico. The seeds kept at other places can well 
be compared with those from Mobile, the time being approximately 
the same. The average loss as shown by the second tests was 3.35 
times greater than the loss in the first test, which by calculation would 
bring’ San Juan next. below Mobile, with a loss of vital energy in the 
seeds equal to 47.93 per cent. But more data are necessary before 
such a gradation of injurious climatic influences can be established. 

Table IV, however, brings out another interesting point, as shown 
by comparing the results of the first and second tests at San Juan and 
Mobile. In the first test the loss in vitality of the seeds from Mobile 
was 38.95 per cent, while the seeds returned from San Juan showed a 
loss of only 14.31 per cent as compared with 71.98 and 21.39 per cent, 
respectively, as shown in Table II. The degree to which the seeds 
were injured while they were stored in San Juan was such that they 
continued to deteriorate much more rapidly than the control sample. 
This deterioration was most marked in the case of the pansy seed, the 
germination of the first test being 20 per cent and that of the second 
test only 6.5 per cent, showing a loss in vitality of 68.2 per cent and 
87.7 per cent, respectively. Thus when seeds are once placed in con- 
ditions unfavorable for the preservation of their vitality for a sufficient 
length of time to cause some injury, this injury will always be mani- 
fest and cause a premature death of the seeds even though they after- 
wards be removed to more favorable conditions. 

Seeds of strong vitality can withstand greater changes in conditions 
than seeds of low vitality without any marked deterioration. Through- 
out these experiments a wide difference has been observed between 
the ‘‘ A” sweet corn and the ‘*B” sweet corn. The original tests 
made January 30, 1900, at the time the seeds were received, showed a 
germination of 94 per cent for the ‘‘A” sample and 88 per cent for 
the ‘*B” sample of corn. The control tests, made in November, 1900, 
showed a germination 0.5 per cent higher in each case; but the average 
loss in vitality of the two samples of seed kept at the various places 

ras 12.17 per cent for the ‘‘ A” sample and 26.10 per cent for the ‘* B” 
sample. As with the pansy and the phlox these samples showed that 


«The number of days here given for San Juan is not absolutely correct. The time 
was reckoned from the date the seeds were sent from the laboratory until they were 
received in return. 
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the stronger the vitality of the original sample of seed the more harsh 
treatment can be undergone without being injured. Strong vitality 
implies long life as well as vigorous seedlings. 

Another very important factor to be considered in the handling of 
seeds is the relative resistance of seeds of various species to adverse 
conditions. Certain seeds under one set of conditions may retain 
their vitality exceedingly well, while seeds of other species of plants 
under identical conditions may be killed in a comparatively short time. 
For this reason no general rule can be laid down for the preservation 
of seeds. ‘Table V shows the varying degrees of deterioration of the 
different species of seeds used in the experiments. 


TasBLe V.— Different degrees of deterioration of various kinds of seeds. 


First test. Second test. 


Deterio- 
Average | ration in 
germi- | vitality 


Deterio- 
Average |ration in 
germi- | vitality 


ane ct naiomot| nation | ascon | .iEon of nation. | as com: 
control, |fromthe| pared | qontrol. from the ared 


various | with the 
places. } control 


various | with the 
places. | control 


samples. samples. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Wennmte cx). he ek Ae 95.5 93.06} 2.55| 97.5 92. 43 5.20 
Set Sime aes yA ee 9.3} 91.56; 3.92} 95.7] 84.80 11.39 
an wweoh.: “AP oo. eae ca naa 95. 9 94. 75 1.20 | 94.5 83. 00 12.17 
Watermelon .\. <=. scc-ck eee ce ake | 98.3 97.75 .57 99. 0 86. 62 12.51 
Mu: ee ete a. 2 OP 81.6 80.00 1.96 92.3 77.75 15.77 
SG) | ne ee, Se ie 83.6 | 74.38 11. 02 78.8 60. 93 22. 67 
Gorn, aweet, RB? een ce, 89.3 78.16! 12,47 88.5 65. 40 26.10 
Bean ..c A eee 98.7| 98.00 5.76 98.7 69.50 29.58 
Cabbage .i. Se ee ee 92.7| 86.00 7.22 92.4 2.15 43, 56 
yi eet eee eS Is ee 83.3! 75.16 9.77 | 82.0 | 37.81 53. 89 
CIOD s.... < .cGe.cauccasl ely tee eee 95.8 | 82.18 15. 26 97.0 25.12 74. 10 
Pn erie BRIA 8580 LAGS 63.0 38. 87 38.33) 53.0 8.00 84. 90 
Phlox drummondil:2::.--: 3. 2 69.0 | 44, 87 34. 97 53.9 7.62 85. 85 


In the above table the list of seeds is arranged in the order of their 
power to withstand the action of diverse climatic conditions, as shown 
by the results of the second test, given in Table II]. Tomato seeds 
were found to be the most resistant, the control sample germinating 
97.5 per cent. Theaverage germination of the samples of tomato seed 
kept at the various places was 92.43 per cent, or a loss in vitality of 
only 5.20 per cent. The seed showing the next least injury was the 
peas, with a deterioration of 11.39 per cent. The phlox, which was the 
most affected by the unfavorable conditions, germinated only 7.62 per 
cent, thus showing a loss in vitality of 85.85 per cent. 

It is also interesting to note that the order, as shown by the second 
series of tests, is quite different from that of the first. This lack of 
uniformity increases the difficulties that must be overcome before the 
causes of the loss of vitality in seeds can be fully comprehended. Were 
all seeds affected in the same way when subjected to identical con- 
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ditions, the order should have remained the same throughout, but the 
wide variation in atmospheric changes affects different seeds so very 
differently that no uniformity of results can be secured. For example, 
the conditions prevailing from February until June were much more 
disastrous to the vitality of the tomato and pea than to the ‘‘A” sweet 
corn, watermelon, and lettuce, while the conditions existing from June 
to November were more injurious to the ‘‘A” sweet corn, watermelon, 
and lettuce. An examination of the table will show other results 
of a similar nature. During the earlier stages of devitalization seeds 
undergo a gradual deterioration in vitality, but after reaching a cer- 
tain stage in their decline there is a comparatively sudden falling off, 
and seeds, except perhaps a few of the most persistent, soon cease to 
show any power of germination. Such factors as these must be taken 
into account in determining the relative length of time that different 
kinds of seed will retain their vitality. But as yet sufficient informa- 
tion is lacking in order to make any trustworthy attempt to classify 
seeds in respect to their viable periods when subjected to different con- 
ditions. Numerous experiments are now under way, with the hope of 
furnishing a basis for such a classification. 

In order to obtain more data as to the influence of climate upon 
vitality additional samples of seed were sent to Mobile and Baton 
Rouge, where they were stored under the same trade conditions as for 
the former experiment. For these tests only cabbage, lettuce, and 
onion seeds, put up in envelopes, as for the previous tests, were used. 
The different packages of seed, placed in paper boxes from which 
they were not removed, were sent from the laboratory on May 20, 
1901, and were returned November 26, 1901, the total time of storage 
being 190 days. The results of these tests are shown in Table VI, and 
are even more striking than those of the former tests shown in Tables 
land LI. 


TasLe VI.—Relative merits of Mobile, Ala., Baton Rouge, La., and Ann Arbor, Mich., 
as places for storing seeds. 


[Period, 190 days.] 


Cabbage. Lettuce. Onion. 


: Percentage of seeds |} Percentage of seeds | , Pay F ‘ 

Seeds subjected to - ws Percentage of seeds germinated 

“ a‘ - germinated at the germinated at the aay: wa 

ene condi anes. end of= ) at the end of 

36 60 14 36 60 | 1 60 84 108 14 
hours. | hours.| days. | hours. | hours.| days. | hours. | hours. hours. days. 
= ESS ad EE RD a) e : = 
Mobile, Ala...:.... 0.0 0.0 8.5 0.0 14.0 64.0 0.0 0.0 0.0 0.0 
Baton Rouge, La .. 0.0 0.0 22.5 2.5 35.5 74.0 0.0 | 0.0 0.0 0.0 
Ann Arbor, Mich..| 10.0 | 64.5] 86.5| 67.0| 825] 96.5| 3.0] 10.0| 43.0 93.0 
i 


Table VI shows quite clearly the deleterious action of the warm, 
moist climate of the Gulf of Mexico on the life of seeds. The onion 
seed which was stored at Mobile and Baton Rouge did not germinate, 
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while seed from the same lot stored at Ann Arbor germinated 93 per 
cent. ‘The cabbage seed was injured nearly as much as the onion, the 
sample from Mobile germinating only 8.5 per cent. The conditions 
at Baton Rouge were slightly more favorable to the preservation of 
vitality. The cabbage seed stored at the latter place germinated 22.5 
per cent, while a like sample of seed stored at Ann Arbor germinated 
86.5 per cent. ‘The lettuce was much more resistant than either the 
cabbage or the onion seed, but here, too, the injury was quite marked, 
especially as shown by the retardation in germination. ‘The conditions 
at Mobile were also the most disastrous for the lettuce seed. During 
the first 36 hours that the tests were in the germinating chamber none 
of the lettuce seed from Mobile germinated, while the seed from the 
corresponding sample from Ann Arbor germinated 67 per cent. The 
final percentages of germination were 64 and 96.5 per cent, respectively, 
for the seed from Mobile and Ann Arbor, showing’ a loss in vitality of 
33.68 per cent in the seed stored at Mobile. Here it will be seen, as in 
Table V, that the onion seed was most sensitive and the lettuce seed 
most resistant to the unfavorable conditions. In the first tests shown 
in Table V the average loss in vitality of the lettuce, cabbage, and 
onion was 15.77, 48.56, and 74.10 per cent, respectively, while for the 
last tests, as shown in the foregoing table, the losses in vitality of 
similar samples of seed kept at Mobile were 33.68, 91.29, and 100 per 
cent, respectively. ‘The ratio is practically the same in both cases, the 
loss in the cabbage seed being 2.7 times greater than that of the lettuce. 

The foregoing data are sufficient to indicate that climatic influences 
play a very important part in the life of seeds, and that the degree of 
injury varies greatly in different places and likewise in different seeds. 
Some seeds were practically worthless after an exposure of four or five 
months in such places as Mobile, Baton Rouge, or San Juan, as shown 
in Table I. After longer exposures, six or nine months, similar results 
were obtained from all of the places to which seeds were sent. Many 
of the seeds were killed, as shown in Table I]. The conditions at 
Mobile were fatal to all of the seeds; that is, the seeds were worthless 
so far as the gardener is concerned. 


CAUSES OF THE LOSSES IN VITALITY IN DIFFERENT CLIMATES. 


Having shown that seeds lose their vitality much sooner in some 
localities than in others, the question naturally arises, ‘‘ Why this 
loss in vitality?” Unfortunately only two of the places where seeds 
were stored, Mobile and San Juan, have Weather Bureau stations which 
are equipped for making complete observations of the meteorological 
conditions. It has been observed, however, that there is a very close 
relationship between the precipitation and the loss in vitality in seeds; 
that is to say, ina measure the loss in vitality is directly proportional 
to the amount of rainfall. This deterioration is more apparent as the 
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temperature increases, but the injury due to the increase in tempera- 
ture is dependent on the amount of moisture present. 

The following table has been compiled in order to show the ratio 
between the loss in vitality and the precipitation and temperature. 
The loss in vitality, as given in the second column of Table VII, rep- 
resents the average losses in percentages, calculated from the results 
of the germination tests of the 13 different samples of seeds, as shown 
in Table IL. “ 

The third column shows the annual precipitation in inches. The 
annual precipitation has been taken, because in some instances heavy 
rainfalls occurred just previous to the time that the seeds were put 
into storage. .Then, too, the annual precipitation furnishes more accu- 
rate data for a basis of comparison. The mean temperatures, as given 
in column 4, are not the mean annual temperatures, but the averages 
covering the time during which the seeds were stored. The mean 
annual temperatures were not taken, chiefly for the reason that the 
critical period, in so far as temperature is concerned, is during the 
summer months. 


TaBLE VII.—Ratio between vitality, precipitation, and temperature. ¥ 


pg he 
Oss in Vi- | Ter ture. 
tality of Annual ea Na 
Place where seeds were stored. the 13 dif- | precipita- | 
ferent sam- tion. — : 
ples of : Maximum 
needs, Mean Fahr. Fahr, 
Per cent. Tnches. Degrees. Degrees. 
NO Foon sn vn w cilec wade Das Sate ee ceae ce ete 71.98 91.18 71.4 96.0 
PSEC IY, Lo ott Shoo kek le eek ube ceateeiats 41.39 66. 37 Wee 98.0 
SOP SS 1 2 0s eee A ee eee eee 39.58 48. 20 52.3 98.0 
| 
Ce TRIES C5 SS Par Se Ser aes SI 33. 91 62. 61 64.4 98.0 
LE EG Dye ULE spe Ae I eS apt gE ee he 29. 38 49.76 | 73.3 103. 0 
en Se op SN BAD as Bae eS 8 ee ee ee 28. 41 42. 40 67.1 | 107.0 
i EBS bes Sea be nen a ee 2,52 98.58 | 49.12 98.0 


aThese seeds were sent out in February, 1900, and were returned to the botanical laboratory and 
tested in October and November, 1900. The average time that the seeds were kept at the various 
places was 252 days. 

b The results of the San Juan tests have been omitted from this table because, as has been previously 
stated, all of the seeds were returned from San Juan on June 20, 1900, when the first tests were made. 
The second series of tests was made in October, 1900. During the time intervening between the first 
and second tests the San Juan samples were kept in the botanical laboratory at the University of 
Michigan. 

According to the table the seeds kept at Mobile suffered the greatest loss in vitality. However, it is 
quite probable that the greatest loss would have been from the seeds stored at San Juan had the time 
of storage been the same for the two places, so that the results of the San Juan tests could have been 
included in the table. This conclusion is based on the following facts: Normally, the number of rainy 
days at San Juan far exceeds those at Mobile. In 1900 there were 211 days on which rain fell in Gan 
Juan, while the records for Mobile show only 146. Likewise the average temperature of the dew-point 
for San Juan was 71° F. and only 59° F. for Mobile, which, when expressed in terms of absolute 
moisture, gives 8.240 and 5.555 grains of water per cubic foot at the time of saturation. On the other 
hand, the relative humidity of San Juan was 78.5 per cent, or slightly lower than that of Mobile, the 
latter having a relative humidity of 80.5 per cent. However, the mean annual temperatures were 
77.6° and 71.4° F., respectively, hence a mean absolute humidity of 7.099 grains of aqueous vapor for 
San Juan and only 6.718 grains per cubie foot for Mobile, 
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From the foregoing table it will be seen that precipitation is a factor 
of much greater importance than temperature. In order to show the 
real value which the amount of precipitation furnishes as a basis for 
judging the length of time that seeds will retain their vitality when 
stored in localities having a marked difference in the amount of rain- 
fall, the results set forth in the above table are represented diagram- 
matically as follows: 


Effect of precipitation on vitality. 


Place. Percentage of loss in vitality. Inches of precipitation. 
WMonile ....\sccnveuteeces 71. 98 91.18 
Baton Rouge.....cs-<e- 41.39 66. 37 
Durham ‘2... 2..s.8ss oe 39. 58 18. 20 
AOOUID oie cee eens 33. 91 62.61 
Bake Cy .:.c:..ccseees | 29.38 49. 76 
WazOner.....c0dsses ees 28. 41 42. 40 
AMIN NATDO? {costes ceeee 2.52 28. 58 


A discrepancy is very marked for Durham, N. H., which may be 
partially explained by considering again the conditions under which 
the seeds were stored. It will be remembered that these samples of 
seeds were stored in a hall which opened directly into a chemical labora- 
tory. It is quite probable that the low percentages of germination 
were due to the injurious action of gases emanating from the labora- 
tory. Of these gases, ammonia probably played a very important part, 
as it is well known that seeds are very readily injured when subjected 
to the action of ammonia. 

It is to be understood that the above comparisons are somewhat 
indefinite. If the amount of rainfall were equally distributed through- 
out the year a definite ratio could, in all probability, be established; 
but in the majority of places there are alternating wet and dry seasons, 
which make such a comparison very difficult and unsatisfactory. Yet 
for ordinary considerations it is sufficient to say that seeds will retain 
their vitality much better in places having a small amount of rainfall. 
For more exact comparison other factors must be taken into account, 
especially the relative humidity, mean temperature, and temperature 
of the dew-point, which ultimately resolves itself into the absolute 
amount of moisture present in the atmosphere. 


EFFECT OF MOISTURE AND TEMPERATURE UPON VITALITY. 


From the foregoing experiments it is quite evident that moisture 
plays an important part in bringing about the premature death of 
seeds and that the detrimental action of moisture is more marked as 
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the temperature increases. Formerly the general consensus of opinion 
has been to make this statement in the reverse order— that is, that 
temperature exerts a very harmful action on seeds if much moisture 
be present. For comparatively high temperatures the latter statement 
would probably suflice—at least it is not misleading, and in a certain 
measure it is true; but at the lowest known temperatures, as well as 
at ordinary temperatures, moisture is the controlling factor, and 
order to be consistent it should likewise be so considered for higher 
temperatures—that is, within reasonable limits. 

That temperature is only of secondary importance is brought out in 
the results obtained by a number of investigators. It has been well 
established by Sachs,¢ Haberlandt,’? Just,° Krasau,¢ Isidore-Pierre,é 
Jodin,’, Dixon,’ and others that most seeds, if dry, are capable of 
germination after being subjected to relatively high temperatures for 
periods of short duration. The maximum for most seeds is a tempera- 
ture of 100° C. for one hour; but if the seeds contain comparatively 
large quantities of moisture they are killed at much lower tempera- 
tures. It has been reported that lettuce seed will lose its vitality in 
two weeks in some of the tropical climates where moisture is abundant. 
Dixon has shown that if lettuce seed be dry it will not all be killed 
until the temperature has been raised to 114° C. 

In case of low temperatures the factor of moisture is of less impor- 
tance, yet even under such conditions the moisture must not be exces- 
sive or the injury will be quite apparent. But if seeds are well 
dried it can safely be said that they will not be killed as a result of 
short exposures to the lowest termperatures which have thus far been 
produced. Our knowledge of the resistance of seeds to extremely 
low temperatures is based on the experiments of Edwards and Colin,” 
Wartmann,’ C. De Candolle and Pictet,? Dewar and McKendrick,* 
Pictet,’ C. De Candolle,” Brown and Escombe,” Selby,’ and Thiselton- 


“Handbuch d. Exp. Phys. d. Pflanzen, Leipzig, 1865, p. 66. 

> Pflanzenbau I, 1875, pp. 109-117; Abs. in Bot. Jahresbr., 1875, p. 777. 

¢ Bot. Zeit., 33, Jahrg. 1875, p. 52; Cohn’s Beitriige zur Biol. der Pflanzen, 1877, 
2: 311-348. 

dSitzungsbr. d. Wiener Akad. d. Wiss., 1873, 48: 195-208. I. Abth. 

«Ann. Agron., 1876, 2: 177-181; Abs. in Bot. Jahresbr., 1876, I]. Abth., 4: 880. 

/ Compt. Rend., 1899, 129: 893-894. 

7 Nature, 1901, 64: 256-257; notes from the Botanical School of Trinity College, 
Dublin, August, 1902, pp. 176-186. 

% Ann. sci. nat. bot., ser. 2, 1834, 1: 257-270. 

‘Arch. d. sci. phys. et nat., Genéve, 1860, 8: 277-279; ibid., ser. 3, 1881, 5: 340-344. 

J Ibid., ser. 3, 1879, 2: 629-632; ibid., ser. 3, 1884, 11: 325- 397. 

k Proc. Roy. Inst., 1892, 12: 699. 

! Arch. d. sci. phys. et nat., Genéve, ser. 4, 1893, 830: 293-314. 

mIbid., ser. 4, 1895, 38: 497-512. 

” Proc. Roy. Soc., 1897-8, 62: 160-165. 

® Bul. Torr. Bot. Club., 1901, 28: 675-679. 
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Dyer.“ In the experiments of the last-named investigator seeds were 
subjected to the temperature of liquid hydrogen (—250° to —252°C.) 
for six hours, and when tested for vitality the germination was perfect 
and complete. ° 

Much more might be said on the effect of high and low temperatures 
on vitality. But for the commercial handling of seeds the extremes 
of temperature are of secondary importance and need not be further 
discussed at this time. In the present work the purpose has been to 
show the effect of moisture on the vitality of seeds when subjected to 
such temperatures as are usually met with in the storing of seeds. 


SEEDS PACKED IN ICE. 


On February 6, 1900, samples of each of thirteen kinds of seed 
were put up in duplicate, both in manila coin envelopes and in small 
bottles. The bottles were closed with carefully selected cork stoppers. 
These two sets of duplicate samples were then divided into two lots. 
Each lot contained one of each of the packages and one of each of the 
bottles of seeds. The samples thus prepared were carefully packed 
with excelsior in wooden boxes, the boxes being then wrapped with 
heavy manila paper. In one of the boxes was also placed a Sixes’ 
self-registering thermometer, so that the minimum temperature could 
be ascertained. 

These boxes were stored in a large ice house near Ann Arbor, being 
securely packed in with the ice at the time the house was being filled. 
The first box was taken out with the ice on June 12, 1900, after a lapse 
of 126 days. The thermometer in this box registered a minimum of 
—3.6° C. It is safe to assume that this temperature was uniform, at 
least up to within a few days of the time when the seeds were taken 
out. Unfortunately, absence from the university at this particular 
time delayed an examination of the seeds until June 20. During the 
eight intervening days the box of seeds was kept in the laboratory 
and there many of the seeds in the packages molded, so that they were 
unfit for germination tests. In fact, the results of the tests from the 
packages are of little value within themselves; but in comparison with 
the vitality tests of the seeds kept in the bottles some important facts 
are brought out, and it has been deemed advisable to tabulate these 
results with those of the second series. 

The second box of seeds was packed approximately in the center of 
a large ice house (100 by 60 by 20 feet) and was taken out with the 
ice on July 21, 1900, after having been 167 days in cold storage. The 


«Proc. Roy. Soc., 1899, 65: 361-368. 
» Brassica alba (oily), Pisum sativum (nitrogenous), Cucurbita pepo (oily), Tritiewn 
sativum (farinaceous), and Hordeum vulgare (farinaceous) . 
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box was brought directly to the laboratory and the seeds were exam- 
ined at once. Those contained in the paper packages had absorbed a 
considerable quantity of moisture and were much softened. In all of 
the packages except those containing the onion and watermelon seeds 
some mold had developed; but in the seeds used for the germination 
tests care was taken to avoid using those that showed any trace of 
a mycelium, thereby reducing the injury due to fungous growth to a 
minimum, even though subsequent experiments have shown that such 
injury is practically negligible. 

An interesting point concerning the germination of some of the 
seeds at this low temperature may be stated in this connection. Eight 
of the peas, or 4 per cent, had already germinated, the radicles vary- 
ing in length from 1 to 2.5 em., thus corroborating Uloth’s results in 
germinating peas at or slightly below the temperature of melting ice.@ 


Taste VIII.—The vitality of seeds kept in an ice house in envelopes and bottles, and like- 
wise the vitality of the controls. 


First test, after 126 days. Second test, after 167 days. 

Germination. Differ- | Differ- Germination. Differ- | Differ- 
ence be-jence be-;|,—_—__,— ence be-ence be- 

Kind of seed. tween | tween tween | tween 

envel- | envel- envel- | envel- 
Gon: | Havel | poste, OPsandiopeand) Con- | Fare | notte, peed opeand 

sam- | sam- sam- sam- 

ples. | ples. ples. ples. 

Per ct. \ Per ct.| Per ct.\\ Per ct. | Per ct.| Per ct. | Per ct. |, Per ct. | Per ct. | Per ct. 
(CS UE. Aree ae 96.0 36.0 94.0 60.0 58.0 92.0 86.0 96.0 6.0 10.0 
‘Cater als LL ee 90.0 |} . 60.0 96. 0 30. 0 36.0 92.0 74.0 94.0 18.0 20.0 
GER et ee ek ae 95.0 92.5 96.5 25 4.0 95. 0 94.5 95. 0 0.5 0.5 
Ganpbaee..22.5-..- 93.5 89.0 94.0 4.5 5.0 92.0 90.0 94.0 2.0 4.0 
Rs U6 [a st Se oH ol PR eee SH Shy et ee eek 80.5 74.0 89.0 6.5 15.0 
SUG eee TOs \peee eee: SO. OS seers ee 73.6 52.0 75.5 21.5 23.5 
LO Saeed ee 2) OU lr cca es So: Onis ose tee oetas 94,7 90. 0 96.0 4.7 6.0 
in Vn a Se TOGO) tz seca TOO; OFS. 2ee ses aoe 100. 0 0.0 98.0 |} 100.0 938.0 
ich 0) <a ae 52.5 5.0 65.5 47.5 60.5 52.0 2.5 65.5 49.5 63.0 
> ae 770) Sere hae ee 2S 54.0} 11.0] 68.5] 43.0 57.5 
OMIRTOS 05k 55: O70 73.0 93.5 22.5 20.5 96.5 51.5 96.0 45.0 44.5 
Watermelon....... 68.0 90.0 100.0 8.0 10.0 100.0 96.0 100. 0 4.0 4.0 
OCS ot antec co - SOsO: sick se. CGO ese ase cea 81.5 66.0 71.0 15.5 5.0 
Average ..... 87.3 63.6 87.9 25.0 Qh 84.9 62.1 87.6 24.3 27.0 


aIn making up the averages the result of the germination of the phlox was omitted because a sub- 
sequent examination showed that the bottle containing this sample of seed was broken at the bottom, 
thus admitting sufficient moisture to destroy vitality, as is borne out by the second test. 


The above table shows, as previously stated, that the results of the 
first tests are incomplete and not very satisfactory, owing to the fact 
that the germination tests were unavoidably delayed for eight days 
after the seeds were taken from the ice house; but with the second set 
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@ Flora, 1875, pp. 266-268. 
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of samples the counts for the vitality tests were begun within an hour 
from the time the seeds were removed from the ice house. Thus, the 
conclusions for these experiments must be drawn chiefly from the see- 
ond series of tests. However, comparisons will be made with the 
first where such seem justifiable. 

It will at once be seen that the seeds which were in paper packages 
gave 2 much lower percentage of germination than either the control 
sunples or those kept in bottles. The average germination of the 
controls was 84.9 per cent, and the average germination of the seeds 
kept in bottles was 87.6 per cent, while only 62.1 per cent of the seeds 
kept in paper packages germinated. This is equivalent to a loss in 
vitality of 24.3 and 27 per cent, respectively, as compared with the 
vitality of the control samples and the samples from the bottles. The 
results of the first tests are practically the same, save that the differ- 
ences between the control and the bottle samples are less marked. In 
the second case the average vitality of the seeds kept in envelopes was 
much reduced by the complete failure to germinate in the case of the 
beans, which are most susceptible to the deleterious action of moisture 
at the given low temperature. 

One of the most important points brought out by these experiments 
is the result obtained with onion, cabbage, and watermelon seeds. In 
both the first and the second tests the germination varied but little 
throughout. However, in all cases the seeds in the paper packages 
were slightly injured by the action of the moisture. This factor is of 
much importance, especially in the case of the onion seed, which, 
when kept in a moist atmosphere at normal temperatures, soon loses 
its vitality, but when maintained at temperatures slightly below 
freezing it becomes very resistant to the action of moisture. The 
beans, on the other hand, were all killed, although they are ordinarily 
much more hardy than onion seed. It is quite probable, however, 
that the death of the beans may be attributed to the reduction in tem- 
perature. Containing as they do large quantities of starch, they 
absorb more water than less starchy or more oily seeds. This factor, 
together with the large embryo, renders them much more susceptible 
to the injurious action of freezing temperatures. 

Another important feature brought out by these experiments was 
the better germination of the seeds which had been stored in bottles 
in the ice house. The average germination of these samples was 2.7 
per cent higher than that of the control. Ina measure this may be 
included within the limits,of variation; but when it is considered that 
all of the bottle samples except the beans, tomato, and lettuce showed a 
vitality equal to or greater than the control, it can hardly be considered 
as a normal variation, especially since only the lettuce gave any marked 
variation in favor of the control. Likewise, the average percentages 
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of the first series of tests show a slight increase in favor of the seeds 
kept in the bottles, though the increase is not so well marked and is 
less uniform than in those of the second series. 

Aside from the final germination there is still another factor that 
must be taken into consideration as bearing evidence of the advantage 
of keeping seeds at low temperatures, provided that they are kept dry. 
All of the samples that were stored in the ice house in bottles showed 
a marked acceleration in germination. It is quite evident that the res- 
piratory activities and accompanying chemical transformations were 
much reduced by the reduction in temperature, and the vital energy was 
thus conserved; but when the conditions were favorable for germination 
the greater amount of reserve energy in these seeds gave rise to a more 
vigorous activity within the cells and a corresponding acceleration in 
germination. 

Numerous other experiments showing the effect of moisture on the 
vitality of seeds were made. In contrast to those just given, the 
injurious action of moisture at higher temperatures, yet temperatures 
well within the limits of those ordinarily met with in the handling of 
seeds, will be next considered. 


EFFECT OF MOISTURE ON VITALITY AT HIGHER TEMPERATURES. 


This set of experiments was undertaken particularly to furnish con- 
ditions somewhat similar to those existing in the States bordering on 
the Gulf of Mexico, or, in fact, all places having a relatively high 
degree of humidity and a temperature ranging from 30° to 37° C. 
(86° to 98.6° F.) during the summer months. In order to secure the 
desired degrees of temperature two incubators were utilized, one being 
maintained at a temperature varying from 30° to 32° C., the other 
from 36° to 37° C. The thermo-regulators were so adjusted as to 
admit of a possible variation of nearly two degrees in each case. 

Beans, cabbage, carrot, lettuce, and onion were used for these tests. 
In each of the incubators the seeds were subjected to four different 
methods of treatment: 1. In a moist atmosphere, in free communica- 
tion with the outside air. 2. In a moist atmosphere, but not in con- 
tact with fresh air, the seeds being in sealed bottles of 250 ce. capacity. 
3. In a dry atmosphere, in free communication with the outside air. 
4. Air-dried seeds in sealed bottles. 

In order to obtain the conditions requisite for the first method of 
treatment, an apparatus was used as shown in figure 1. The seeds were 
put up in small packages and then placed in a 250 cc. bottle. The bottle 
containing the packages of seeds was placed withim a specimen jar 
which was partially filled with water. This jar was then closed with 
a large cork stopper which carried two glass tubes, each of 1 em. bore. 
These tubes extended 25 cm. above the top of the jar and out through 
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the opening in the top of the incubator. 
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The primary object of the 


tubes was to prevent any water vapor from escaping within the ineu- 
bator and thereby doing damage to the seeds that were to be kept dry 


in the same incubator. For the same reason 
the cork in the jar was well coated with paraf- 
fin. Approximately the same volume of water 
was maintained in the jar throughout the ex- 
periment, more water being added through 
tube a, as occasion demanded, to replace the 
loss by evaporation. ‘The chief advantage in 
having two tubes was the comparative ease 
with which the air within could be displaced 
by afresh supply by forcing a current of fresh 


varying from 30° to 82° 
C., the other in the oven 
maintained ata tempera 
ture varying from 36° 
to 37° C. In both cases 
the bottles contained 
five packages of each of 
the five samples of seed, 
thus making provisions 
for testing at different 
intervals. 

In order to supply the 
conditions for the second 
method of treatment, 
similar packages from the same samples of seeds 
were put into 8-ounce bottles, which were then 
kept for five days ina moist chamber. The in- 
crease in weight due to the absorption of water 
within the five days was as follows: Beans, 3.03 
per cent; cabbage, 8.09 per cent; carrot, 8.26 per 
cent; lettuce, 7.45 per cent, and onion 8.43 per 
cent. This increase, with the water already 
present in the air-dried seeds, gave a water con- 
tent of 13.23 per cent for the beans, 13.99 per 
cent for the cabbage, 13.60 per cent for the carrot, 
12.45 per cent for the lettuce, and 14.84 per cent 
for the onion. 


= 
| 


———— 


ii 
——— 


—— Ss 


Fic. 1.—Apparatus used to de- 
termine the effect of moisture 
and temperature on the vitality 
of seeds in communication with 
free air. 


The bottles were then corked and sealed with paraffin, but were so 


air through one or the other of the tubes. 
Two such preparations were made, one being 
left in the oven maintained at a temperature 
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Fig. 2.—Apparatus used to 
determine the effect of mois- _ 
ture and temperature on the 
vitality of seeds not in com- — 
munication with free air. 
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constructed that the relative humidity of the inclosed air could be 
increased without the admission of more free air. The detailed con- 
struction of this apparatus is shown in fig. 2.” 

The seeds continued to absorb moisture to a limited extent. In order 
that the inclosed air might be maintained at approximately the same 
degree of saturation, a crude hygroscope was attached on the inside of 
each bottle. These hygroscopes were made from awns of S¢/pa 
capillata L., the tip of the awns being removed and a short piece of fine 
copper wire used as an indicator. These hygroscopes were suspended 
from the under side of the cork, as shown at /, and by the side of each 
was suspended a fine fiber of silk, which, being carried around by the 
indicator, recorded the number of turns made by the awn. 

Five such preparations were made for each of the two sets, so as to 
furnish seeds for a series of tests. One set was kept at a temperature 
of 30° to 32° C., the other at 86° to 87° C. The seed from one of the 
bottles, at each of the temperatures, was weighed after eighty-one 
days, at the time the germination tests were made. These weighings 
showed that at the lower temperatures the average increase in weight 
for all the seeds was 8.6 per cent, and at the higher temperatures, 6.3 
per cent. The increase in the case of the beans was quite marked at 
this time, being 13.3 per cent for those maintained at a temperature 
ranging from 30° to 32° C., and 9.8 per cent for those maintained at 
36° to 87° C. 

The third set of conditions consisted simply of packages of the air- 
dried seeds kept in open boxes in each of the incubators. This series 
of tests was made especially for the purpose of determining the effect 
of dry heat on the vitality of seeds when maintained at the tempera- 
tures above given for some considerable time. 

For the fourth series small packages of the seeds were put into 
2-ounce bottles, which were then corked and sealed with paraffin. Five 
of these bottles were kept in each of the ovens and germination tests 
were made at irregular intervals. The results of these tests furnish a 


« The wide-mouth bottle (+) contains the packages of seed (s). Through an open- 
ing in the cork is inserted a short piece of soft glass tubing, being first fused at the 
lower end and having a slight constriction drawn at c. At a distance of 1 em. 
above the constriction is blown a small opening, as shown ato. A short piece of 
heavy rubber tubing (t), cemented on a piece of heavy brass wire (w), serves as a 
stopper. This stopper, which must fit closely within the glass tube, is operated by 
means of the heavy wire. When drawn up, the water in the tube may give off 
aqueous vapor, which can escape through the small opening (0) into the bottle. 
When sufficient moisture is present the supply is shut off by pushing the stopper 
down firmly against the constriction. The stopper must be well coated with vas- 
eline to prevent its sticking to the sides of the glass tube. To make the apparatus 
more secure against the entrance of fresh air, a second piece of rubber tubing (17) 
is placed in the upper part of the glass tube, the top of which is then filled with oil. 
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basis for comparing the relative merits of keeping seeds in open vessels 
and in sealed bottles. 

Table [LX will show the effect of the various methods of treatment 
on the vitality of the seeds. 


Tasie 1LX.— Vitality of seeds when suljected to the action of a dry and a moist atmosphere, 
both when exposed to free air and when confined in glass bottles, at relatively high 
temperatures, ¢ 


| Vitality of seeds when | V ‘itality of seeds when 
| kept in a moist at-| kept in a dry atmos- 
mosphere, phere. Ger- 
Begin- ete Prhag In open bot-| In sealed In open In sealed "thet 
toh nf neal ning of |mentand | ¢ ine tles, at tem- bottles, at | boxes, at | bottles, at of 
: experi- | date of |\..~> | peratures tempera- tempera- | tempera- | con- 
ment. | germina- Waid varying | tures vary- | tures vary- | tures vary-| trol 
tion tests. from— _ | ing from—| ing from— | ing from— ) ples. 
| | '30° tol36° to30° tol36° to!30° tol36° tol30° tols6° to. 
| 82°. | 87°. | 82°. | 87°. | 82°. | 87°, | 32°. | 87°. | 
‘Days. P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P. ct.| P.ct.| Peck | P. a 
OO ee ee | Mar. 4/ Apr. 4 31 |100.0 |100.0 | 78.0 | 44.0 | 86.0 $4.0 98.0 | 98.0 4 
DG ns. foate ae do....| May 12 69 97.5] 0.0 75.0) 0.0 100.0 | 90.0 92.5 | 95,0 | 
DOt.=) 2. ok do....| May 24 Sh) Ga ON. cee 0.0 | 0.0 | 98.0 | 90.0 , 98.0 |100.0 z : 
Pere ek t tee 6a -...1 July: 22!) 14017 SS 0.0 | 0.0 100.0 | 94.0 | 98.0 | 96.0 | 99.4 
Cabbage .......-..|-.. do....| Apr. 4| 31 /| 87.8 | 90.5 | 73.0 | 72.5 | 86.5 | 84.0 | 83.5 | 86.9] 91.0 
r,t Bile SIR Oe do....| May 12} 69 | 71.6] 0.0 | 30.0] 0.0 | 67.5 | 87.9 | 79.0 | 78.5 | $3.0 
[1 eee ee es do....| May 24] 81] 80.0|...... 1.0] 0.0 | 89.0 | 92.0 | 92.5 me 92.5 
DO we. ee sees ee do...) valy 22 | 240:}. 0.01. ....: 0.0] 0.0] 84.0} 83.0 | 88.5 | 86.7 | 98:1 
CRPIOI oa eta tee G0 22..) Apr. 4 31 | 88.5 | 77.5 | 54.5 | 29.5 : 84.5 | 88.0 | 89.5 | 89.0 | 92.5 
DO See es aes |..-€0.-..| May 12 69 | 69.5 0.0 | 22.5 0.5 | 82.0 | 85.0 | 88.5 | 82.5 | 78.0 
RARE Be .--do....| May 24] 81 | 48.0]...... 2.5} 0.0 | 44.5 50.0 | 50.0 | 48.0) G45 
ie nea ...do....| July 22] 140] 0.5 |...... 0.5| 0.0| 81.0) 81.2 | 78.5 | 88%1| 88.1 
Lettuce... 62.8. ...do....| Apr. 4] 31 92.5] 90.5 | 78.0 | 58.0 | 91.0 | 86.5 | 91.5 | 90.0! 90.0 
1 le ee Be |...do....| May 12] 69| 88.0] 0.0| 44.5] 2.0] 42.0 | 38.5 | 38.5 51.5 31.5 
107 nea aa «asOrscaet Seay. 24 SI |) 55.5 |.46e. 1.0 0.0 65.0 | 58.5 | 62.5 | 67.0) 53.6 
Bo. een ...€0....| July 22} 140| 0.0|...... 1.5] 0.0 82.0 87.0) 81.5| 88.0) 79.9 
Onion «25s asit begs [Gc Apr... 4 31 | 95.5 | 89.0 | 64.5 | 45.0 | 95.5 | 93.0 | 96.0 | 97,5 | 96.0 
DO eos eee Gdo--.-) May 12 69° | 68.0. | ‘O:0)| -2:5°) 0.0) 979 | 95.0 | 97.5 | 93.0 | 98.5 
Diy on Gee ee do....| May 24] 81 | 59.5 |...... 0.0} 0.0) 95.5 | 94.0 | 99.0 | 95.0) 96.5 
De 28250 dat...) July 22) 1404-0 el. | 0.0] 0.0 | 90.0 | 92.0 | 97.5 | 94.7 | 95.4 


aA study of the table will show that the lettuce and carrot seed germinated very poorly at the end 
of 69 and 81 days. This, however, was not due to any inherent quality of the seed, but to an excess- 
ive temperature at the time the tests were made. Both of these seeds require a comparatively low 
temperature for their successful germination, lettuce germinating best at 20° C., and carrot at an 
alternating temperature of from 20° to 30° C 

The amount of moisture absorbed or expelled under the different 
methods of treatment has an important bearing on the duration of 
vitality and will be considered briefly at this time. Only the general 
results will be discussed in this connection, inasmuch as later experi- 
ments, carried out in a similar manner, show the detailed results to 
much better advantage. Nevertheless, it requires only a glance at 
the above table to show the marked difference in the germinative 


power of seeds which have been stored in moist and in dry conditions. 


The seeds which were exposed in a moist atmosphere to the higher 
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temperatures (36° to 87° C.) were killed much earlier than those 
subjected to the moist atmosphere at the lower temperatures—380° to 
32° C.—in both the open and the closed bottles. 

A weighing at the end of 31 days showed that the average increase 
in weight of the seeds kept in the open, moist chamber, due to the 
absorption of moisture, was 6 per cent at a temperature of 30° to 
32° C., and 5 per cent at a temperature of 36° to 387° C. For the 
seeds kept in the oven, maintained at the temperature of 30° to 82° C., 
another weighing was made at the end of 134 days, at which time the — 
average increase in the water content had risen to 8.67 per cent. 
Unfortunately the seeds from the second oven, maintained at the 
higher temperature, had become badly molded in 69 days, so that only 
the one weighing was made. 

Vitality tests made at this time, 69 days, showed that all of the 
seeds from the open, moist chamber, at the higher temperatures, had 
been previously killed as a result of the drastic treatment; conse- 
quently no future germination tests were made. Those maintained at 
the lower temperatures were almost entirely free from mold at the 
expiration of the experiment, only an occasional seed showing any 
trace of fungous growth. Nevertheless, germination tests showed 
that the vitality had been destroyed in the cabbage, lettuce, and onion. 
Beans and carrot were most resistant, the former having germinated 
2.3 per cent and the latter 0.5 per cent. All of the seeds had become 
very much sottened. The beans and the lettuce had changed very 
materially in color, the beans (Early Kidney Wax Six Weeks) having 
become much darker and the lettuce (Black-Seeded Simpson) almost a 
lemon color. 

With the seeds constituting the second series, i. e., 7 a moist atmos- 
phere but in sealed bottles, the injury was much more severe. Here, as 
with the open chambers, the seeds subjected to the higher temperatures 
were killed first, even though the amount of moisture actually absorbed 
was less, as was also true with the other series. A weighing made at 
the end of 81 days gave an increase of 8.6 per cent for those from the 
oven maintained at.a temperature of 30° to 32° C., and 6.3 per cent at the 
higher temperature. Likewise, in this series, the seeds had become 
very much softened and a very disagreeable odor had developed as a 
result of the putrefaction of their nitrogenous constituents. A close 
examination made at the end of 81 days revealed slight traces of fun- 
gous growth, but there is no reason to believe that these played any 
part in the destruction of vitality. However, in making counts for 
germination tests all molded seeds were carefully discarded. 

The results of the germination tests showed that the vitality of the 
seeds kept at the lower temperatures had been practically destroyed 
at this time. The beans and onions failed to germinate, while the 

25037—No, 58—04——3 
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cabbage, carrot, and lettuce germinated only 1, 2.5, and 1 per cent, 
respectively. 

During the succeeding 60 days much mold had developed, and at 
the expiration of the experiment, 140 days, only the carrot and the 
lettuce gave any indications of vitality. It is especially interesting to 
note with what rapidity the deterioration took place between the sixty- 
ninth and the eighty-first days, showing that when vitality reaches a 
certain point in its decline there follows a comparatively sudden 
death. This same fact is also shown in the case of those seeds in this 
same series kept at the higher temperature. After 31 days’ treatment 
they all failed to germinate, except 0.5 per cent in carrot and 2 per 
cent in lettuce seeds. 

In the two series of experiments just considered there was an increase 
in water content as a result of the humidity of the air in which the 
seeds were kept. But the third series, open and dry, presents quite 
another factor. A weighing made at the end of 30 days showed that 
there had been an average loss of 2.5 per cent for the lower tempera- 
tures and 3.5 per cent for higher temperatures. After this time the 
weight remained nearly constant. Subsequent experiments, which 
will be considered later, also show that the water capable of being 
expelled at any given atmospheric temperature is driven off in a com- 
paratively short time. In case of seeds this condition is practically 
completed in eight or ten days when maintained at temperatures as 
above given. This extra drying of the seed causes a greater contrac- 
tion of the seed coats, and in a number of cases a corresponding 
retardation in the rapidity with which germination takes place. The 
retardation in the germinative activity is dependent on the increased 
difficulty with which the seeds absorb water, and in many cases has an 
important bearing on the vitality tests. 

The fourth and last series, in which the air-dried seeds were sealed 
in bottles and subjected to the temperatures at which the two ovens 
were maintained, gave still another very different set of conditions. 
Here there was also an increase in weight, due probably to some 
process of oxidation, but the increase was very slight. The average 
increase from those kept at either of the temperatures was less than 
one-half of one per cent. 

Seeds, if well matured and thoroughly air-dried, are not injured 
when kept at temperatures below 37° C., whether they be kept in free 
communication with fresh air, or in sealed bottles, or tubes. In the 
experiments under discussion the average percentage of germination 
was slightly higher in the case of the seeds which had been stored in 
the sealed bottles. The mean percentage of germination for the seeds 
which had been exposed to the open air at a temperature of 30° to 
32° C. was 83.05 per cent. Those from the sealed bottles kept at the 
same temperature germinated 84.82 per cent. At the higher temper- 
atures—36° to 37° C.—the mean germination of the seeds from the open 
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and the closed bottles was 82.68 and 85.62 per cent, respectively. The 
control sample germinated 85.45 per cent. That 87° C. is about the 
maximum temperature at which air-dried seeds can be stored without 
injury is shown by the following experiments. 

Preparations similar to those above mentioned were used, and after 
being subjected to a temperature of 87° C. for 219 days, there was no 
appreciable loss in vitality, except the deterioration of 4 per cent in 
the case of the cabbage seed that was kept in an open bottle, and 6.3 
per cent in the seed from a closed bottle.“ But by increasing the tem- 
perature, during an additional period of 68 days, from 37° C. toa 
maximum of 44° C., the injury was much more marked, especially in 
the closed bottles. In the open bottles the vitality of the cabbage was 
lowered from 91.3 per cent to 77 per cent, representing a loss in vital- 
ity of 15.66 per cent. The onion seed fell from 95.7 per cent to 87 
per cent when kept in an open bottle, and to 61 per cent when kept in 
a closed bottle. The beans showed no apparent injury in either case, 
except that they became very dry; consequently there was a retarda- 
tion in germination as a result of the slow absorption of water. 

The greater loss in vitality of the seeds kept in the bottles was the 
direct result of the higher humidity of the air immediately surrounding 
the seed, and not because there was a deficiency in the supply of fresh 
air, as might be readilyassumed. In the open receptacles the additional 
amount of free water expelled, as a result of the increase in tempera- 
ture, was allowed to escape, while in the sealed bottles it only gave 
rise to a relatively moist atmosphere, and consequently to a premature 
death of some of the seeds. If seeds are to be so confined, they should 
be previously dried at a temperature at which they are to be stored. 

All of these seeds had become very dry and brittle. The odor of 
the air confined within the sealed bottles had become very unpleasant; 
likewise there was a marked change in the color of the seed coats of 
the inclosed seeds. 


SUMMARY. 


Most seeds if kept dry are not injured by prolonged exposures to 
temperatures below 37° C. (98.6° F.), it being immaterial whether they 
are in open or in sealed bottles. 

If the temperature be increased above 387° C., vitality is seriously 
reduced. 

If seeds are kept in a moist atmosphere, a temperature even as high 
as 30° C, (86° F.) works much injury in a comparatively short period. 
The degree of injury rapidly increases as the temperature rises. 

Provided the degree of saturation is the same, the deleterious effect 
of moisture is fully as great in open as in closed bottles. 


@Only cabbage, onion, and beans were used for this experiment, the carrot and 
the lettuce seed being omitted. 
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THE EFFECT OF DEFINITE QUANTITIES OF MOISTURE ON THE 
VITALITY OF SEEDS WHEN THEY ARE KEPT WITHIN CERTAIN 
KNOWN LIMITS OF TEMPERATURE. 


‘The results of the experiments just discussed furnish a fair criterion 
by which to judge the vitality of seeds when influenced by tempera- 
ture and moisture. It was still necessary to determine the effect of 
definite quantities of moisture on the vitality of seeds when they are 
submitted to temperatures well within the limits of that which may 
he encountered in commercial transactions. 

On December 19, 1900, preparations were made to determine these 
factors. Seeds of cabbage, lettuce, onion, pores: und peas were used 
for these experiments, which Raaiichaln Sins 70 or 72 days. All of this 
seed was of the harvest of 1899 and had been in the laboratory during 
the eleven months immediately preceding the setting up of the experi- 
ments, being thus thoroughly air-dried. The amount of moisture 
present in the seeds at this time, as indicated by drying at 100° C., 
was as follows: Cabbage, 5.90 per cent; lettuce, 5 per cent; onion, 6.41 
per cent; tomato, 4.71 per cent, and peas, 8.44 per cent. 

The preparations were made as follows: 

(a) Air-dried seeds were placed in bottles of 125 cc. capacity. The 
bottles were closed with cotton plugs in order to protect the seeds 
from dust while permitting a free circulation of air. This set served 
largely as a check. 

(>) Air-dried seeds were carefully weighed and then put into 125 ce. 
bottles, closed with firm corks, and sealed with paraffin. 

(c, d, e, and 7) These samples were also carefully weighed and 
sealed in bottles as 4, but in the different series of bottles there was 
first introduced 0.5, 1, 2, and 3 cc. of water which had been previously | 
absorbed by small strips of filter paper. 

(v) The seeds constituting this series were first dried for 30 days at 
a temperature of from 30° to 82° C. and then put up in bottles which 
were sealed with paraflin. The loss in weight as a result of the dry- 
ing was as follows: Cabbage, 2.41 per cent; lettuce, 2.59 per cent; 
tomato, 2.71 per cent, and onion, 3.47 per cent, leaving a water con- 
tent of only 3.49 per cent, 2.41 per cent, 2 per cent, and 2.94 per cent, 
respectively. (Peas were not included in this series.) 

One of each of the above preparations was then subjected to different 
degrees of temperature as follows: 

(1) Outdoor conditions, protected from rain and snow, but freely 
subject to all changes in temperature and humidity. The temperature 
during the time of the experiment, December 19, 1900, to February 28, 
1901, varied from a minimum of —21.6° C. toa maximum of 8.9° C, 

(2) In a fruit cellar having a comparatively low and uniform 
temperature ranging from 10° to 13° C, 
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(3) In the ‘‘dark room” of the botanical laboratory, which was 
quite dry and maintained at a temperature of 20° to 22° C, 

(4) In the herbarium room on the fourth floor of the botanical labo- 
ratory. ‘The air here was very dry and the mean temperature about 
the same as for No. 3, but with a much wider variation, reaching at 
times a maximum of 30° and a minumum of 10° C. 

(5) In an incubator maintained at 30° to 82° C. 

(6) In an incubator maintained at 87° to 40° C, 

It will be observed that all of the preparations, except Nos. 1 and 4, 
were kept at temperatures which were quite uniform. The increase 
or decrease in the weight was determined at the expiration of 70 or 72 
days by again carefully weighing the seed, after which germination 
tests were made. The results of the germination tests and the gain or 
loss in weight are given in Table X. 
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The foregoing table, showing the conditions under which the seeds 
were kept, has been made quite complete. Aside from the final per- 
centages of germination, the percentages of germination after a defi- 
nite number of hours have likewise been given, the latter being better 
expressed as germinative energy. ‘The germinative energy, as has been 
previously stated, is an important factor in determining the potential 
energy of a seed. This is quite clearly shown in many of the germi- 
nation tests recorded in the above table. The preliminary results show 
a marked contrast as a result of the different kinds of treatment, while 
the final results reveal nothing more than the regular degree of varia- 
tion usually met with in testing seeds. Of the five species of seeds, the 
onion has yielded the most striking variations-in the earlier stages of 
germination. Take, for example, No. 1535, the sample that was kept 
in an open bottle in the fruit cellar. The moisture absorbed was sufli- 
cient to cause a chemical transformation, which injured the vitality of 
the seed and consequently caused a retardation in germination. No, 
1539, the onion seed from the incubator maintained at a temperature 
of 37° to 40° C., germinated only 16.5 per cent in 77 hours, while 
the final percentage of germination was 95.5 per cent. Onion seeds 
Nos. 1532 and 1533 germinated in 77 hours 18.5 and 2.5 per cent 
respectively, while the final germination of the former was 93.5 per 
cent and of the latter 96 per cent. All of these tests gave final per- 
centages of germination somewhat higher than the mean of the control 
samples. But the germination was considerably retarded, the control 
samples having germinated 29.5 per cent during the first 77 hours. 
These retardations in germination must be due to a lowering of vitality, 
asa more careful study of the table will show, and not to any excessive 
drying that may have taken place during the time of treatment. 
Numerous other examples are to be found in the table, some even 
more striking than those mentioned, but it is not deemed necessary 
that they all be pointed out and discussed here. 

The table also shows the results of the various weighings made of all 
of the different samples which were kept in closed bottles. With but 
very few exceptions there was an increase in weight, which increase 
was quite marked in all cases where free water was introduced. The air- 
dried seeds that were sealed in bottles without the introduction of free 

vater all increased slightly in weight, with the exception of the peas, 
which showed a slight decrease in weight. It has been observed that 
the absolute loss in the weight of the peas was slightly greater than 
the total gain in the four other samples of seed. This, however, is 
not of sufficient uniformity throughout to fully justify the conclusion 
that cabbage, lettuce, onion, and tomato seed have a greater affinity for 
water than peas, and that the former robbed the latter of a portion of 
their water content. Yet a portion of the increased weight of the 
cabbage, lettuce, onion, and tomato seed is probably best accounted 
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for in that way. On the other hand, it is quite probable that a por- 
tion of the increase in weight was due to the results of intramolecular 
transformations and to the coexistent respiratory activities of the 
seed. The means of making these determinations are far from easy. 
Van Tieghem and G. Bonnier have shown“ that seeds kept in sealed 
tubes in atmospheric air increased in weight during two years, but the 
increase was very small. In their experiments the peas which were 
in sealed tubes increased +45 of their original weight. A corresponding 
sample kept in the open air increased +y of its original weight. 

Nos. 1540 to 1545 in Table X show an increased weight in seeds 
when sealed in bottles for 70 days. These seeds were previously 
dried for 30 days at a temperature of 30° to 32°C. Disregarding the 
increase in weights as above given and the factors to which such 
increase may be attributed, it is quite evident that in all cases where 
water was added the increase in weight was due chiefly to the absorp- 
tion of the water. The absolute increase was approximately the same 
as the weight of the water added. 

The amount of water absorbed by different seeds varies greatly 
under identical conditions, depending largely upon the nature of the 
seed coats and the composition of the seed. The average increase in 
weight of the seeds used in these experiments was as follows: Onion, 
6.27 per cent; pea, 5.51 per cent; cabbage, 4.12 per cent; lettuce, 3.99 
per cent; tomato, 3.99 per cent. The loss in vitality of the corre- 
sponding samples was 28, 12, 23.7, 18.5, and 14.7 per cent, respec- 
tively. The relationship here is quite close, the amount of water 
absorbed being roughly proportional to the loss in vitality. The 
peas, however, afford an exception to this general statement. But it 
must be remembered that peas require a much larger percentage of 
moisture to start germination and are likewise capable of undergoing 
much wider variations than the other seeds in question. However, 
before a definite ratio can be established between the absorption of 
water and the loss in vitality, many other factors must be taken into 
consideration, such as the composition, water content, and duration of 
vitality of the seed under natural conditions. 

Another interesting factor is shown in No. 1546 of Table X. These 
seeds were dried for 30 days at a temperature of 30° to 52> C., after 
which they were kept in an open bottle in the laboratory for 40 days. 
During the 30 days’ drying the cabbage lost 2.41 per cent, lettuce 2.5! 
per cent, tomato 2.71 per cent, and the onion 3.47 per cent of moisture. 
These same seeds when exposed to the free air of the laboratory for 40 
days never regained their original weight, the increase being as follows: 
Cabbage, 0.6 per cent; lettuce, 0.58 per cent; tomato, 1.56 per cent; 
onion, 0.89 per cent. The average quantity of water expelled was 2.79 


4 Bul. Soc. bot. France, 29: 25-29, 149-153, 1882. 
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per cent in 30 days, while the average increase in weight during the 40 
days was only 0.91 per cent. ‘These results show that if seeds are once 
carefully and thoroughly dried, they will remain so; that is, if kept in 
au comparatively dry room. ‘This is an important factor in the preser- 
vation of vitality, as is borne out in the results of the germination 
tests. Later experiments were made with very similar results, and an 
analogous method of treatment promises to be of much value as a 
preliminary handling of seeds. It is not definitely known to what this 
stronger vitality is due, whether it be simply to the effect of the dry- 
ing or to some process of chemical transformation which makes the 
seeds more viable. ‘These results are now under consideration and will 
be reported at some future time. 

The table also shows in a very striking degree the decrease in the 
number of germinable seeds with an increase in the moisture and 
temperature. The amount of moisture absorbed by the seeds, with a 
limited amount present in the bottles, was inversely proportional to the 
temperature. At the higher temperatures the inclosed air held a larger 
portion as water vapor; however, there was a greater deterioration in 
vitality. Where the seeds were kept outdoors at the low temperatures 
(—21.6° to 8.9° C.) of the winter months, no injury was apparent 
except where 3 cc. of water was added, and then only the onion seed 
was affected. This sample of seed had absorbed a quantity of water 
equal to 10.38 per cent of the original weight, which together with 
the original water content (6.41 per cent of the original sample) made 
17.88 per cent of moisture in the seed. Practically the same results 
were obtained with the seeds kept in a fruit cellar at a temperature of 
10° to 18° C. The samples of this series, in the open bottles, were 
also injured, as has been pointed out. With the samples that were 
stored in the dark room and in the herbarium room, the injury was 
more marked as a result of the higher temperature; but even here the 
seeds in the bottles which contained 0.5 cc. of free water deteriorated 
very little. The injury was confined to the onion seed, which showed 
a slight retardation in germination. Where 1 cc., 2 cc., and 3 ce. of 

rater were added, vitality in some instances was likewise remarkably 
well preserved. The lettuce, tomato, and peas gave no indications of 
any deterioration save in the bottles containing 3 cc. of water. Here 
the lettuce and peas were permanently injured, while the tomato seeds 
suffered only sufficiently to cause a delay in the rapidity with which 
they germinated. The cabbage seed was retarded with 2 cc. and a 
lowering of the final percentage of germination with 3 cc. of water. 
The onion seed, being very sensitive to these unfavorable conditions, 
deteriorated very greatly, being practically worthless where 3 cc. of 
water were added. A brief study of the table will readily show that 
many seeds were killed at the still higher temperatures of 30° to 32° 
C. and 37° to 40° C. The onion seed was slightly injured even where 
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no water was added. However, a temperature of 40° C. is suflicient 
to injure many seeds, even though the liberated water be permitted to 
escape, as is shown in the tests of the onion, No. 1539 of the table. 
The greatest injury when air-dried seeds are sealed in bottles and then 
subjected to a higher temperature is due to the increased humidity of 
the confined air, asa result of the water liberated from the seeds. 

At first glance some of the conditions given in the above table may 
seem to be extreme and far beyond any normal conditions that would 
be encountered in the ordinary handling of seeds. This may seem to 
be especially true with the seeds kept in the bottles with 8 ce. of 
water where the additional amount of moisture absorbed gave rise, in 
some of the seeds, to a water content of approximately 20 per cent. 
Yet this need not be thought of as an exception, for such extreme 
cases are often encountered in the commercial handling of seeds. 
During the process of curing even more drastic treatment is not 
infrequently met with. Pieters and Brown” have shown that the 
common methods employed in the harvesting and curing of /’a pra- 
tensis L. were such that the interior of the ricks reached a tempera- 
ture of 130° to 140° F. (54.4° to 60° C.) in less than sixteen hours, at 
which temperature the vitality of the seed is greatly damaged and 
frequently entirely destroyed. The interior of one rick reached a 
temperature of 148° F. (64.4° C.) in twenty hours, and the vitality 
had decreased from 91 per cent to 3 per cent, as shown by the ger- 
mination of samples taken simultaneously from the top and from the 
inside of the same rick. 

On the other hand, the extreme cases need not be considered. 
Take, for example, the onion seed that was sealed in a bottle with 
1 ce. of water and maintained at a temperature of 37° to 40° C. The 
increase in weight due to the water absorbed was 3.91 per cent, thus 
giving a moisture content of 11.2 per cent and a complete destruction 
of vitality. The cabbage seed, kept in the same bottle, had absorbed 
a quantity of water equivalent to 2.35 per cent of its original weight, 
which, with the 5.90 per cent contained in the original sample, gave 
8.25 per cent of water. This sample of seed germinated only 11 per 
cent, having thus no economic value. In neither of these samples 
was the amount of water present in the seeds greater than that ordi- 
narily found in commercial samples. Moreover, the temperature was 
much below that frequently met with in places where seeds are 
offered for sale and likewise well within the limits of the maximum 
temperature of our summer months, especially in the Southern 
States. Take, by way of comparison, the maximum temperatures of 
some of the places at which seeds were stored to determine the effect 
of climate on vitality, as shown in another part of this paper. During 


@ Bulletin 19, Bureau of Plant Industry, U. 8. Department of Agriculture, 1902. 
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the summer of 1900 the maximum temperature at Wagoner, Ind, T., 
was 107° F. (41.1° C.), while that of Lake City, Fla., was 108° F, 
(39.5° C.). If these points are kept in mind, it is not at all surpris- 
ing to tind that seeds lose their vitality within a few weeks or months 
in warm, moist climates. 

In order to make the above facts more clear the preceding table has 
been summarized and is presented in the following condensed form, 
showing thé relation of the water content of the seed to vitality: 


Taste X1.—Marked deterioration in vitality with an increase in the quantity of the water 
content of seeds. 


Average in- Average 
Amount of water Bias mpm nop Average 
How preparations were made, introduced into | 7. tt . the. | time serial germina- 
the bottles FOSUEE OF SOG) iOS See tion 
. greater water) nation tests ; 
content. were made. 
CC, Per cent. Per cent. Per cent. 
Control sample ~~ oc oes Se sos Sess ove es wend euic ee eee end re eae eee 6. 07 93.3 
Closed bottles, sealed with paraffin... .. ~~. Water expelled. 0. 06 a2.77 a93.9 
DG bois cape cty sales meester eeeteee wee None. .08 6.55 94.0 
DO Gis be kb aes wceaecance tae won aoe eee 0.5 1.75 8.31 91.7 
DO RN ita duce ee ee tee eee es aoe 1.0 3. 24 . 91 83.3 
DO Ss ee sain on cancer ecsien aoe ao ee once 2.0 5. 91 12.75 67.5 
DO eo Se. canes aeapheanekebees re: 3.0 8.13 15. 10 58. 6 


a Peas not included in this set. 


Numerous other results of a similar character might be cited, but it 
hardly seems necessary at this time, since there can be no doubt that 
moisture is the prime factor in causing the premature destruction of 
vitality in seeds in the usual conditions of storage. Why they lose 
their vitality as a result of the unfavorable conditions is quite a differ- 
ent question, and has to do with the very complex composition of the 
seed. 


A COMPARISON OF METHODS OF STORING AND SHIPPING SEEDS 
IN ORDER TO PROTECT THEM FROM MOISTURE AND CONSE- 
QUENTLY TO INSURE A BETTER PRESERVATION OF VITALITY. 


SUGGESTIONS OF EARLIER INVESTIGATORS. 


As early as 1832, Aug. Pyr. De Candolle® wrote a chapter on the 
conservation of seeds, in which he said that if seeds be protected from 
moisture, heat, and oxygen, which are necessary for germination, 
their vitality will be much prolonged; moreover, that if seeds are 
buried sufticiently deep in the soil, so that they are protected at all 
times from the very great influence of oxygen and moisture, their 
vitality will be preserved for a much longer period. 


«Physiologie Végétale, Paris, 1832, Tome II, p. 618. 
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Giglioli” goes so far as to say: 

There is no reason for denying the possibility of the retention of vitality in seeds 
preserved during many centuries, such as the Mummy wheat and seeds from Pompeii 
and Herculaneum, provided that these seeds have been preserved from the begin- 
ning in conditions unfavorable to chemical change. * * * The original dryness 
of the seeds and their preservation from moisture or moist air must be the very 
first conditions for a latent secular vitality. 

Some of the earliest suggestions for storing seeds in quantity were 
made by Clément and Fazy-Pasteur, and were reported by Aug. Pyr. 
De Candolle in his Physiologie Végétale. Clément suggested the use 
of large cast-iron receptacles, made impervious to air and water, the 
well-dried seeds to be poured in through an opening at the top, after 
which the opening should be hermetically sealed and the seeds with- 
drawn through an iron pipe and stopcock at the bottom of the tank. 
The scheme of Fazy-Pasteur was to store seeds in wooden boxes well 
covered with tar. This method was especially applicable to small 
quantities of seeds, and was used to a limited extent at that time, but, 
so far as has been ascertained, it has long since been discarded. The 
keeping of seeds in large iron tanks, as suggested by Clément, has 
never been practiced to any extent. It seems quite possible, however, 
that the present ‘‘ tank” grain elevator, now so universally used, might 
readily be modified in such a way as to make the method suggested by 
Clément quite practicable. 


THE NECESSITY FOR THOROUGHLY CURING AND DRYING SEEDS. 


In addition to being well matured and carefully harvested, seeds 
should be thoroughly cured and dried before being put into the stor- 
age bins. Much better results would be obtained if such seeds were 
artificially dried for several days in a current of dry air at a tempera- 
ture not to exceed 35°C. With this method of drying, from 2 to 4 
per cent of the moisture usually present in air-dried seeds is expelled. 
The accompanying contraction of the seed coats makes them more 
impervious to the action of moisture, and consequently the seeds are 
better prepared for storing and shipping. Experiments made with 
cabbage, lettuce, onion, and tomato seeds gave results as follows: The 
average loss in weight of the air-dried seeds, after an additional dry- 
ing of 30 days at a temperature of 30° to 32° C. was 2.79 per cent. 
Yet these same seeds, when kept for 40 days in the laboratory, reab- 
sorbed only an average of 0.91 per cent of moisture. Like quantities 
from the original sample gave only the slight variations ordinarily met 
with, due to the humidity of the atmosphere. Thus seeds, when once 
carefully and thoroughly dried, will not regain their original weight, 
provided they be kept in a dry room. 


@ Nature, 1895, 52: 544-545, 
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Another important factor in the storing of seeds is the character of 
the seed warehouse or storage room. ‘The first point to be considered 
is dryness. Such houses should be kept as dry as possible, which can 
be accomplished either by means of artificial heat or by the use of 
strong drying agents, or better still, by both. True, if the seed ware- 
house be located in a section having a dry climate, this difficulty is at 
once largely overcome. but in many cases such a location is imprae- 
ticable or even impossible, and other means must be resorted to. As 
au matter of fact, most large seed warehouses are not heated and a 
great loss in v itality inevitably follows; but each seedsman must 
determine for himself whether or not this loss is sufliciently great to 
justify the expense of heating such a storage room. 

Experiments carried on during the progress of this work have 
shown some very marked differences in favor of seeds stored in rooms 
artificially heated. The averages of the thirteen samples of seeds from 
the eight places at which they were stored show a difference in the 
loss of vitality of 9.87 per cent. ‘Those kept in rooms that were arti- 
ficially heated during a greater portion of the time deteriorated 25.91 
per cent, while those stored in rooms not so heated deteriorated 35.78 
per cent. The loss here given for seeds stored in dry rooms is greater 
than such conditions warrant, owing to the very unfavorable condi- 
tions at Mobile, Ala., and Baton Rouge, La. At Lake City, Fla., the 
relative percentages of deterioration were 29.42 and 16.27 for the 
unheated and heated rooms, respectively; at Auburn, Ala., 33.90 and 
10.34 per cent, and at Durham, N. H., 39.58 and 3.57 per cent, respec- 
tively. Unfortunately these experiments were not made with this 
definite point in view, and the results are not entirely satisfactory, as 
no records were made of the temperatures and humidities. 


THE VALUE OF GOOD SEED TO THE MARKET GARDENER. 


This work was undertaken chiefly for the purpose of finding some 
improved methods of shipping and storing seeds in small packages, 
wherein their vitality might be better preserved. The rapid deterio- 
ration in vitality causes great losses to gardeners living in districts 
where the climatic conditions bring about the premature destruction 
of vitality in seeds. In many cases the seeds are practically worthless 
or altogether fail to germinate after a few weeks’ exposure. The loss 
in such cases is not in the greater quantity of seed required, but the 
retardation or complete failure of the germination often means delay, 
making the difference between success and failure in the desired crop. 
Seed of low vitality is even worse than dead seed. With the latter the 
difficulty is soon discovered, while with the former, although the seed 
will germinate, the seedlings are not sufficiently vigorous to develop 
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into strong and healthy plants. True, most enterprising gardeners 
usually have vitality tests made immediately preparatory to planting, 
but this is not always convenient, and they rely on the results of tests 
made at some earlier date. In such cases it quite frequently happens 
that they accept the results of tests made several weeks earlier. With 
many seeds this will suffice, yet there are many others that will dete- 
riorate very materially within a few weeks or even within a few days 
in such unfavorable climates as exist, for example, near the Gulf of 
Mexico. Ina letter dated January 15, 1903, Mr. J. Steckler, of New 
Orleans, La., wrote as follows concerning the vitality of seeds: 

Some seeds are not worth being planted after being here three months. This is 
especially true of cauliflower seed. We have made repeated tests and this seed after 
remaining here 90 days was worthless and had to be thrown away. 


SHIPPING SEEDS IN CHARCOAL, MOSS, ETC. 


Bornemann“ made some experiments with seeds of Vietor/a regia 
and Huryale ferow, in which he found that when packed in powdered 
charcoal they soon lost their vitality, but when packed in powdered 
chalk slightly better results were obtained. On the other hand, 
Dammer’ recommends powdered charcoal as a method of packing for 
seeds that lose their vitality during shipment, especially the seeds of 
palms and a number of the conifers. 

Charcoal is undoubtedly much better than moist earth or moss, 
which are frequently used, the latter affording abundant opportunities 
for the development of molds and bacteria during transit. Some such 
method as moist charcoal is necessary in case of seeds which lose their 
vitality on becoming dry. Numerous other reports have been published 
from time to time concerning the shipping of seeds of aquatic plants, 
_as wellas those of low vitality, but they need not be discussed further 
at this time. 


NATURE OF THE EXPERIMENTS. 


Aside from some popular accounts and miscellaneous suggestions, 
but little has been done toward finding improved methods of shipping 
and storing seeds of our common plants of the garden and field. 
Accordingly, in February, 1900, a series of experiments was under- 
taken to determine some of these factors, in which three questions 
were considered: (1) How may small quantities of seeds be put up so 
as to retain a maximum germinative energy for the greatest length of 
time? (2) What immediate external conditions are best suited for the 
longevity of seeds? (3) What part do climatic conditions play in 
affecting the life of seeds? 


“@Gartenflora, 35. Jahrg., 1886, pp. 532-534. 
6 Ztschr. trop. Landw., Bd. I, 1897, No. 2. 
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In order to answer the first question, duplicate samples of the various 
kinds of seeds were put up in double manila coin envelopes, as 
described on page 14. Likewise, duplicate samples were put up in 
small bottles, the bottles being closed with good cork stoppers. Some 
of the bottles were filled with seed, while others were only partly full. 
In some cases there was a surplus air space five times as great as the 
volume of the inclosed seeds. This space, however, had no bearing 
on the vitality of the seeds as far as could be determined. 

In order to determine what immediate external conditions play an 
important part in the destruction of vitality, samples of seed, prepared 
as above described, were stored in different places.¢ At each place 
they were subjected to three different conditions of storage, which, for 
convenience, have been designated as ‘* trade conditions,” ‘*dry room,” 
and ** basement,” as described on page 14. In addition to these three 
methods of storage, numerous other conditions were tried in and near 
the laboratory; such as in incubators at increased temperatures and with 
varying degrees of moisture, in cold storage, in greenhouses, and in 
various gases, in vacuo, in liquids, ete. 

The third question, ‘* What part do climatic conditions play in affeect- 
ing the life of seeds?” has been answered for the most part in a dis- 
cussion on the effect of climate on vitality, page 13. In fact, the seeds 
in the envelopes kept under trade conditions were the same in both 
cases, being used here simply as a means for comparing the vitality of 
seeds when stored in paper packages and in bottles, as well as to show 
the relative merits of trade conditions, dry rooms, and basements as 
storage places for seeds. 


DISPOSITION OF THE SAMPLES.? 


A more definite description of the treatment given the seeds in the 
various places may be summed up as follows: 

San Juan, P. R.—The seeds were sent to San Juan on February 9, 
1900, and were returned on June 20, 1900, after a lapse of 131 days.¢ 
At San Juan the seeds were stored under trade conditions only, and 
the various packages were not removed from the original box in which 
they were sent. While in San Juan the box containing the seeds was 
kept in a room well exposed to climatic influences, being protected 
only from the direct rays of the sun and from rain. 


“San Juan, P. R.; Lake City, Fla.; Mobile, Ala.; Auburn, Ala.; Baton Rouge, La.; 
Wagoner, Ind. T.; Durham, N. H., and Ann Arbor, Mich. 

> The places of storage represented by trade conditions have already been described 
for each of the localities, but it seems advisable to rewrite the descriptions here so 
that they may be more readily compared with the dry room and basement conditions. 

¢The exact time that the seeds remained at San Juan was much less than 131 days, 
the time of transportation being included, as has been done for the other places. 
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Lake City, I’°la.—The seeds were sent to Lake City on February 9, 
1900. The first complete set was returned on June 18, after 129 days. 
The second complete set was returned October 1, after 234 days. The 
**trade conditions” at Lake City were supplied by keeping the seeds 
in a small, one-story frame building, the doors of which were open the 
greater part of the time. This building was not heated, and the seeds 
were stored approximately 5 feet from the ground. ‘* Dry room” 
conditions were those of a storage room on the fourth floor of the 
main building of the Florida Agricultural College. The third set was 
kept in a small bulletin room in the basement of the same building. 

Mobile, Ala.—The seeds were sent to Mobile on February 17, 1900. 
One set was received in return on July 7, after 180 days. The other 
set was received on November 6, after 262 days. The ‘‘ trade condi- 
tions” in this case consisted of a comparatively open attic in a one-story 
frame dwelling. The set in a ‘‘dry room” was kept in a kitchen on a 
shelf 5 feet from the floor, and not more than 6 feet distant from the 
stove. Here they were subjected to the action of artificial heat through- 
out the entire period.“ The seeds under ‘‘ basement” conditions were 
kept ina small cellar, which during the season of 1900 was very moist. 

Auburn, Ala.—The seeds were sent to Auburn on February 17, 
1900. The first complete set was received in return on May 30, the 
second on November 19 of the same year, or after 102 and 275 days, 
respectively. ‘Trade conditions” consisted of an office room connected 
with a greenhouse, with the doors frequently standing open; ‘*dry 
room” conditions were obtained in the culture room of the biological 
laboratory on the third floor of the main building of the Alabama 
Polytechnic Institute, ‘* basement” conditions being found in the base- 
ment of the same building, a comparatively cool situation, yet with a 
relatively high degree of humidity. 

Baton Rouge, La.—The seeds were sent to Baton Rouge on February 
17, 1900. On June 18 the first complete set was received in return. 
The second set remained until October 22, making the time of absence 
121 days for the first and 247 for the second set. ‘* Trade conditions” 
at Baton Rouge were furnished by keeping the seeds throughout the 
entire time of the experiment on shelves in a grocery store, the doors 
of which were not closed except at night. These conditions were thus 
identical with those to which seeds are subjected when placed on sale 
in small stores. The ‘‘dry room” was a class room on the second floor 
in one of the college buildings. A storeroom in the basement of a 
private residence, having two sides walled with brick, furnished 
** basement” conditions. 


«Presumably these were in a dry place, but further evidence showed that the pre- 
sumption was erroneous. The vapors arising while cooking was being done on the 
stove gave rise to conditions very detrimental to a prolonged life of the seeds. 
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Wagoner, Ind. 7.—The seeds were sent to Wagoner on February 
17, 1900. The first series was received in return on June 23, after 126 
days; the second set was returned after 238 days, on October 13, 1900, 
The sets for ** trade conditions” were kept in a drug store, on a counter 
near an open door. ‘The ‘** dry room” was a sleeping room on the first 
floor of the same building, while ** basement” conditions were supplied 
by keeping the seeds in a large depository vault in a bank. 

Durham, NV. H.—The two sets of seeds were sent to Durham on 
February 17, 1900, and were returned on July 14 and October 20, after 
117 and 231 days, respectively. The seeds under ‘* trade conditions” 
were kept over a door at the entrance of one of the college buildings. 
The door opened into a hall, which led into office rooms, the chemical 
laboratory, and the basement. An office room on the first floor of the 
same building supplied ‘‘dry room” conditions. The seeds were 
located well toward the top of the room, which was heated with steam 
and remained quite dry at all times. The ‘‘ basement” conditions 
were found ina storage room in one corner of the basement of the 
same building. 

Ann Arbor, Mich.—The set of samples placed under *‘ trade condi- 
tions” was kept in the botanical laboratory, being moved about from 
time to time in order to supply the necessary variations to an herbarium 
room, to an open window, and to an attic. From February 18, 1900, 
until May 12, 1900, the set of seeds under *‘ dry room” conditions was 
stored in a furnace room. ‘The seeds were only a few feet from the 
furnace and were always quite dry and warm: The maximum tem- 
perature recorded was 43° C., with a mean of 38° during cold weather, 
and of 30° C. during milder weather. On May 12 this set of seeds 
was transferred to the herbarium room on the fourth floor of the 
botanical laboratory, where they remained until vitality tests were 
made. ‘* Basement” conditions were found in a fruit cellar, haying 
two outside walls anda temperature fluctuating between 10° and 13° C, 

These packages and bottles were all securely packed in new cedar 
boxes from which they were not removed until after their return to the 
laboratory. 

RESULTS OF THE GERMINATION TESTS. 


After receipt of the seeds, germination tests were made as rapidly 
as possible, the results of which are given in the tabulations which 
follow. Likewise, in each case is shown the vitality of the control 
sample. Furthermore,a summary of each table is given, showing the 
average percentages of germination of the seed from the various 
places for the first and second tests, respectively. From these results 
the average percentage of loss in vitality has been calculated, reckoning 
the germination of the control sample asa standard. It is thusa very 
simple matter to compare the relative merits of the different methods 
of storing and the réle they play in promoting the longevity of seeds. 


—--— ~~ 
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Taste XI1.—Perdentage of germination of beans subjected to various conditions of storage 
in different localities. 
[Germination of control sample: First test, 98.7 per cent; second test, 98.7 per cent.] 


Percentage of germination. 


| Num- 


Trade con- ; 
, ; ; Order of | ber of on ying Dry rooms. | Basements. 
Place of storage. tests. | days in| ditions, ) 
scorage| tl way Tee) ae 
Eny . I- ‘pee Envel- Bottles. Envel- Bottles. 
opes. opes. | Ope 
a ae Coos First....| 129] 98 98 | 98 9 | 86 vs 
ditdadkvh du teedewuh eras eae Second . 234) 84 98 96 Hs) 0 100 
ay a ES ers ee First... 102 98 97.5 | 100 | 100 ee 97.5 
SMe Aiti inc austen hadwwaen sa Second . 275 | 56 98 | 94 | 98 | 66 100 
a gs SEE = sere Bee First... 140 Da) 96 $2 | 100 0 100 
| a ee reer eerie Second . 262 0 90 0 a ey ee 98 
POUR, EM cniee sada wcasn = ~s- First... 121 | 9% 100 | 92 100 | 9S 
dk Guts tes a eatie win taweses Second . 247 | 60 96 | 28 100 0 98 
Os Ga Ee eee | First.... 131 | 100 | 100 bse cats | EEE we SEE = 
Oy Ea ee eee | Second .j..<<.... O06 (OO Ril SERRE Be ete ess Raton ee © 2. me Te 
| 
Re RE a ee First. ... 126 | 96 | 96 | 98 | 100 100 9s 
SE Ate he da Gan nada tah wae | Second .| 238! 82 [100 |........ 100 s gs 
eee | First.... 147 ) 100 100 100 98 100 100 
OCIS, 5a ee ee ee ee Second . 251 | 78 96 9s 96 92 98 
Ann Arbor, Mich ................- | Wine oo). cox8 Qs St 9s Si | 92 
ee EER Ce ee eae Second .}........) 100 100 100 | 91.5 | 92 100 
Ee ee Ss ee 
Average percentage of ger- |{First.... 128 | 93 | 96.44 95.43) 97.14) 66.99 97.64 
mination. Second -| 251 | 69.50) 97 -69.33 | 97.36 | ». 66 98. 86 
Average percentage of gain Sheaeg 1228| 5.78) 229| 3.31| 1.58 | 32.13 | 1.06 
or loss in vitality. |Second : 51 | 29. 59 72 | 29.76 1.36 | 43. 61 | +0.10 


The beans at Mobile were seriously affected under all conditions 
except when put up in bottles and thus protected from the moist 
atmosphere. Those kept in bottles under ‘trade conditions” deteri- 
orated to 90 per cent, but the result of the first test of the same series 
indicates that some moisture passed through the cork and that the 
seeds were injured in that way. 

At Baton Rouge the beans retained their vitality somewhat better; 
but even here all those from the envelopes were practically worthless 
after 247 days, for beans that germinate only 60 per cent are of no 
value for planting. 

The ‘*trade conditions” at Auburn, Ala., and Durham, N. H., were 
also very unfavorable to the prolonged vitality of the beans. At 
Wagoner, Ind. T., San Juan, P. R., and Lake City, Fla., there was a 
marked deterioration, yet not sufficiently great during the time given 
to render them worthless for planting. However, it is quite evident 
that beans subjected to such conditions of storage would not be fit for 
planting the second season. 

A summary of the table shows that the vitality of the beans when 
kept in bottles and subjected to either of the three conditions was not 
interfered with. The averages show a variation of less than 2 per 
cent. With those kept in paper packages the results were quite dif- 
ferent, the advantage being slightly in favor of the ‘trade condi- 
tions.” The loss in vitality was 29.59, 29.76, and 43.61 per cent, 
respectively, for ‘‘trade conditions,” **dry rooms,” and ** basements.” 
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Taste XILL.— Percentage of germination of peas subjected to various conditions of storage 
in different localities. 


[Germination of control sample: First test, 95.3 per cent; second test, 95,7 per cent.} 


Percentage of germination, 


Num- 
Order of | ber of 
tests. |days in 


Trade condi- 


tions. Dry rooms, Basements, 


Place of storage. 


momge. E “ae L- | Envel Pert 
opes, Bottles. opes. Bottles, | : opes, Bottles. 
Tawa Cite Bie a. WS conc done Cesk First. ... 129 96 97.9 94 94 96 9S 
| ye EN Re See Rae Pe eS Cares” Second . 234 86 938 92 g2 6 938 
ma VOeIr yy: A Te, io ede ee ee Wivet.... 102 | 98.3 94 87.8 97.38 93.9 94 
|), Ween ee See SA ete Die Second . 275 97.9 Yt 90 96 86 98 
Mrnmile Ale 2. 23, fe ins tances First... 140 69.2 |! 92 838 96 10.2} $8 
Ps ce te oe Second . 262 | 44 | 100 42 | ene Pee 98 
Baton Rource. La... .22.. 52... First. >... 121 94d 92 94 90 90 9S 
DO ee oo er oe eee Second . 247 | 80 88 70 98 0 98 
Bean JUS: ut «wo deoctdeo «cece neko Firat... ; 131 |} 94 JOO fic ncanasfoensinceslnghauee nee 
Ty ee oy Ee ne os Second .|...-...- 98 9B fencecccclacecctanbauctee eee 
Waroner- Ind? .°.<s..-2. &- Pivet...:< 126; 98 90 96 92 90 88 
DIO). oon ee yee a te Fata oe Second . 238 |} 80 ~ AB a 96 88 92 
Drvhow sre eo ce ee eee Piret.... 147 | 98 94 100 98 4 98 
WO ates kee oo a oc oe Second . 251 | 94 98 94.7 96 98 90 
Ann Arbor, Mich......--....-; Lee PareG. >|) bs sae o 90 94 O4 72 96 94 
rahe Pee ae er ee ae second .i-...-..- 98 94 94 92 86 100 
Average percentage of ger- {First.... 128 | 91.56} 94.24] 93.4 91.41 | 81.44 95. 43 
mination. [Second .| 251 | 84.74] 95.25] 80.45] 95.14] 60.66] 96.28 
Average percentage of gain | Pirst.s 128 3. 92 hale 1.99 4.08 | 14.55 +0.14 
or loss in vitality. |Second is 251 | 11.45 0.47 | 15.94 0.55 | 36.62 | +0.60 


The peas retained their vitality much better than the beans. How- 
ever, the greatest loss in both peas and beans was in the envelopes at 
Mobile and Baton Rouge. Some of the samples from the envelopes 
germinated fully as well or even better than the control, but the gen- 
eral averages of the second tests for all of the localities show a loss of 
11.45 per cent in ‘‘trade conditions,” 15.94 per cent in ‘* dry rooms,” 
and 36.63 per cent in *‘ basements.” The beans under identical condi- 
tions lost 29.59, 29.76, and 43.61 per cent, respectively. 

The seeds kept j in bottles deviated but very little from the standard 
of the control. 


ee ee eee 
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Taste XIV.—Percentage of germination of cabbage subjected to various conditions of 
storage in different localities. 


[Germination of control sample: First test, 92.7 per cent; second test, 92.4 per cent. ] 


Place of storage. 


1 
Order of | ber 


Num- 
of 


Percentage of germination. 


Trade condi- 


tions Dry rooms, 


Basements. 


tests. |days in 
wi as Envel Envel Envel 
invel- .¢ | Envel- ¢ | Envel- : 
opes. Bottles. opes. Para 8.) “ones. ‘pepsin s. 
cette SS =| | eee ee | ts 

MEME CIUGS GG di. Sulocd.ns oscn secon Birst: <x. 129; 89.5 92.5 89.5 | 4 86.5 90. 5 
ae fone daktied a dws Second 234 63.5 89.5 81.5 | 89.5 14,5 94.5 

SUCPEIE ROO MUS 2 a cS .auwie xt ko cdale's Ges First... . 102} 91 90.5 89.5 | 81 92 91 
BRNOM RGR eee dos ciccee ea lisc essa Second . 275 | 61.5 90 90 89 60 85.5 
PEMTUE UMC A ROR LES Saha wbjcewsomcas RIS. «2% 140 | 64.5 93. 5 58.5 96 58.5 92.5 

URS Ae Soe ae a Second . 262 17 87.5 5 06:.:,) near 94 

PRG MLOURG, Lath. ooo wk cn cee cae Hirst:.<.. 121} 88.5 93 90.5 91 79.5 94 
BTR thie a aie pha mute ou Second . 247 | 25.5 90.5 11.5 &6 0.5 90.5 
CLS pc Ca ee 1b n=] eS 131 | 82 ML al SPP bs Saree ee ee a 
UP it Ok eS ea ee SECON aot usssa< 76.2 Pee een dered tee Oe Sn ES 
dN G06 Ry RR SS BUYSh. S05 126 | 83.5 93 94 95.5 88.5 97.5 

DO AS AE Oe Pe ae Second . 238 | 70.5 URGE Bee eee? 92.5 76.5 | 89 

| 

Se Oe ee First... 147 | 93 97.5 89 96 95.5 | 94.5 
LEDS SS ee ee Second . 251 | 12 92.5 93 95.5 92.5 | 96.5 
nT Or MICN - fe. k 2 cele kes PITS. le bea teete 96 92 94 90.5 89.5 94.5 
gS ted de cape Be eee SEcOuG 2k sects 91 94 88 82 76 95.5 
Average percentage of ger- |{First.... 128 | 86 93.47 | 86.43 | 92 84.29 | 93.5 
mination. Second .| 251] 52.15] 90.56] 61.5 | 89.93] 53.33] 92.21 
Average percentage of gain |{First....| 128] 7.23| +0.83| 6.77| 0.86| 9.07| +0.86 
or loss in vitality. Second . 251 | 43.56 1.94 | 33.44 2.67 | 42.29 | 0. 22 


Table XIV shows that the cabbage, like the peas, was injured to a 
less degree at Mobile and Baton Rouge than the beans, but even the 
cabbage seed kept in the paper packages in these cities were all but 
killed. The average degree of injury, however, was greater in the 
cabbage than in the beans. Ina majority of cases there was more or 
less deterioration in the case of this seed kept in the envelopes. Aside 
from those already mentioned, the trade conditions at Durham, N. H., 
and the basement at Lake City, Fla., should be expressly noted. 

The seeds kept in the bottles deviated but little from the control, 
while those kept in paper packages germinated only 52.15, 61.50, 
and 53.33 per cent for the trade conditions, dry room, and basement— 
equivalent to a loss in vitality of 48.56, 33.44, and 42.29 per cent, 
respectively. 
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Taste XV.— Percentage of germination of radish subjected to various conditions of storage 
in different localities, 


[Germination of control sample: First test, 883.6 per cent; second test, 78.8 per cent.] 


Percentage of germination. 


Num- 
Order of | ber of 
tests. |daysin 


Trade condi- : 
Place of storage. tions. Dry rooms. Basements, 


storage.| 7 ee 
Envel- 1 | Envel- 1, | Envel- 
opes. Bottles, opes. Bottles. opes. Bottles. 
Tae City. Fis oc. 5). 1 ae boat First... 129 79 78.5 84.5 75 66 &3 
DO 2 nnvacucihe chee eee Second . 234 | 58.5 64 67.5 77.5 48.5 67 
Anborn. Ale. ous. oo ce otek First... 102 | 75.5 85 85.5 80.5 86.5 85.5 
DO os. ce Ro ae we eee Second . 275 63 72.5 66 73.5 60.5 76.5 
Mobile. Alpes: 2 oc ee ee First. . =. 140 |} 58.5 81 56.5 81 75 76 
IO 3. ak ee ee Second . 262 51 71.5 49 WD * 1233 72 
Baton Rouge, Ta. oo crocs ene. ae First... 123) 77.5 85. 5 73.5 78.5 61.5 78.5 
DO (6. a eee ee Second . 247 | 55.5 69.5 49,5 7A.5 51.5 75 
Son Joan (PUR fo eee ee Fivest. ..; 131) 64 S15 |e ncesccnulesnanc ec) ote nine 
DO 8 os ton de nee ee Second .|.......- | 62 (i rey Ey Pe 
Wagoner, Ind, T......-....----+--- First....) 126] 77.5 | 80.5 | 79 S4 80.5 | 86.5 
Db 2.2268. ke eee ae eee Second . 238 | 60.5 yy ae oe 77 63 70.5 
Biwham. Ne oe ee eee Wivet. «<< 147 80.6 75.5 76.5 85 S1 74 
PO) sn Soe i cae eee Second . 251 59.5 81.5 74.5 85 68 79 
Ann Arbor: BMiigh’ =) 2..232..22.--0 19 ee Reape aes 82.5 85 82.5 79.5 78 82.9 
DO's oceans ous ee oot ee ee Becond 2|...25.-- 27-6 80.5 79.5 57.5 62.5 78.5 
Average percentage of ger- |{First..-. 128 | 74.39] 81.56 | 76.86] 80.5 75.5 80. 91 
mination, Second . 251 | 60.94 | 73.56] 64.388] 72.71 | 59 74.07 
Average percentage of loss |{First...- 128 11. 02 2.44 8.07 3.71 9. 67 3. 22 
in vitality. Second . S51 | 22.67 6.65 | 18.37 7.78 | 25.48 6 


The results of the tests of the radish seed are very similar to those 
of the cabbage; the latter, however, showed a greater loss in vitality. 
As shown by the second tests, the average percentages of deterioration 
of the cabbage seed which was kept in the envelopes were as follows: 
Trade conditions, 43.56 per cent; dry room, 33.44 per cent; basement, 
42.29 per cent, while the loss in vitality of the radish was only 22.67, 
18.37, and 25.13 per cent, respectively. 
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Taste XVIL.—VPercentage of germination of carrot subjected to various conditions of storage 
in different localities. 


[Germination of control sample: First test, 83.3 per cent; second test, 82 per cent.] 


Percentage of germination. 


Num- ’ ; 
Trade condi- 
tin me Order of | ber of , Dry rooms. Basements. 
Place of storage, tests. |days in tions. 
istorage.| 
Envel- | Envel- .¢ | Envel- 2 
| opes. Bottles. opes. Bottle 8.| Opes. Bottles. 
Us Sag Ea a Firat..... 129 | 76.5 83 78 | IBOh ie 77.5 
i Be el eg Se ee See ae Second . 234 43.5 80.5 | 67.5 78.5 3 $4.5 
ke PSR ene oe First....| 102/ 84.5 | 82 | 83 86 86.5 86.5 
US > Sa ae Se eee one Second . 275 36 76.5 72.5 76.5 47.5 $2.5 
RETA ete ad ce a cicevate cole 3 ohare 140 | 59 87.5 f1.5 88.5 | 20.5 87 
DEAR Sore wee bones Second . 262 8.5 86 a | 69 lof aes 78 
Maton Boure, LA-........:...-..-.- Pirete...f. Whi-948 |} 62.3 | 7.1 | 88 |} Ores 82.3 
1 ae Sy a ae ee a ra Second . 247 25 72.5 16.5 52.5 | 0 39 
CO tt) it A Sa ee Hirst... 131, 71.5 82; Bi. Cau woul oe lees peeel eee 
Por Sas Re Re hae ee te Second .|..<....- 48.5 BOE Bir ee eee es 
PREPAC T INE, hos oo khe cin awd a wen ee First..: 12671) 8155 82 ar df fa, 81 77.5 87.5 
Dina ot tS oe ee Second . 238 | 49 SB. lew ss cokes 81 45.5 84 
kv ge eee ee ee First.... 147 | 78 82.5 84 85.5 83.5 82.5 
Lhe) 2S ls eae a ie dae ee SA ie Second . 251 2 85.5 87.5 85.5 72 87.5 
A eo) PaiStes as las wens 5 i 83 | 75.5 78 | 83.5 
ne DIAS eae belies Second .|........ 86 | 78 78.5 | 80 68.5 | 71 
Average percentage of ger- |{First.... 128; || 75.16 | 82.6 76.01 | $2.4 68. 04 83. 83 
mination. Second . 25) Vol. Olt |. 180; 87 53.83 | 74.71 37.75 75. 21 
Average percentage of gain |{First.... 128 9,72 0. 84 8.75 , 1.08 18. 32. | j 4 0. 63 
or loss in vitality. Second . 251 | 54.5 1.38%) 34,85 8.89 | 53.96 9.5 


Table XVI shows results very similar to those of Table XV, except 
that the carrot was affected slightly more than the cabbage. There 
was also a greater falling off in the case of the seeds kept in the bottles 
in dry rooms and basements. The reason for this is not very clear. 
Apparently it was due to some local conditions, inasmuch as it was 
confined chiefly to the bottles kept at Mobile and Baton Rouge. The 
average results of the germination tests of the seeds kept in packages 
are quite low for the carrots. Seed from trade conditions germinated 
37.31 per cent, from basements 37.67 per cent, and from dry rooms 
53.83 per cent, with a loss in vitality of 54.5, 54.06, and 34.36 per 
cent, respectively. Under similar conditions the cabbage lost in vital- 
ity 43.56, 42.28, and 33.45 per cent, respectively. 
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Taste X VII.—Percentage of germination of ‘‘ A’’ sweet corn subjected to various condi- 
tions of storage in different localities, 


q 
[Germination of control sample; First test, 92.7 per cent; second test, 92.4 per cent.] 
Percentage of germination. 
Num- | | ea ; i 
: L Trade condi- 
Place of storage. Ome A ely = tions. Dry rooms. Basements. 
storage. A es Pe es Pe : 
Envel- | ., | Envel- Envel- ‘ 
opes. wae opes. Bottles. opes. Bottles. 
ee es ee i 
Lake City, Bla... cs vcsssseasneeees First. ... 129 | 94 | 96 O44 92 88 98 
DO os ces ka donicds seek aa uke Second . 234 | 92 100 96 90 54.5 100 
Anbar: Al@ occas cee ceuns tte First.... 102 | 96 98 94 98 100 92 
DO: 3.5 hoe eee Second . 275 | 88 9S 94 90 80 100 
Mobile Ale. «ccc aeaccaseaae First....| 140] 80 100 80 96 94.1 96 
EM} 2 - < wcmnc ede steer Second . 262 | 20 96 26 100 Ss eewen 96 
Baton Rouge, L.A .i2.... 2s. <.senens First. ... 121 | 96 94 96 88 86 100 *] 
DO’ 25.5 haat obo eeu ee eee Second . 247 | 88 96 88 96 14 100 : 
Gan Juan, Pi Ban) o.55sscue's ceeseke First. ... 131 | 96 ann Potrero ° 
bas eee ee ieee SEN EE Ye oS So BeCODG .|-.--sass 92 Li ml Rare pee) mee RE eee / 
Wasoner, Ind. Ts 3.2...3,-a.duecks First... . 126 | 96 98 94 96 96 96 : 
DO noes nae te karen eee ae Second . 238 | 90 Re) ear 96 92 94 
Durham. NW .. E.. seco e sce ace eee ee First... 147 | 100 92 95.9 90 100 96 
D6 3.30 ee eee eee Second . 251 | 96 96 96 96 100 98 
Ann Arbor: Mich. 2. cc.c<en>snaeess Lia. eee) Petree dae 100 86 94 89 100 96 
MO. ee Second .|.......- | 98 98 | 100 96 92 98 
Average percentage of ger- |{First.... 128 | 94.75 | 94.75 | 92.56] 94.14] 94.87 96, 29 
mination. Second . 251 | 838 96.75 | 83.33} 94.86] 72.08 98 
eS a 
Average percentage of gain |{First.... 128 | +2.21 | +2.21 0.15 | +0.01 | +2.34] +43.87 
or loss in vitality. Second . 251 10.11 | +4. 71 9.81 | +2.66 | 22 +6, 06 


Taste X VIII.— Percentage of germination of ‘‘ B’’ sweet corn subjected to various condi- — 
tions of storage in different localities. 


[Germination of control sample: First test, 89.3 per cent; second test, 88.5 per cent.] 


Percentage of germination. 


Num- : 
Trade condi- 
Place of storage. gbecd x Eph tions. Dry rooms. Basements. 
storace.|_..__. |. bol ane eT 
Envel- Envel- Envel- 
opes. Bottles. opes. Bottles. opes. Bottles. : 
Baba City, Fie. 2 kwss ch. penacnts tee First... 129 | 86 60 90 38 76 46 
BG Ce actek cote Spee See oe ee Second . 234) 77.1 2 64 0 30 0 
A URISOSPTYS LO) oa tee Sass oo cee toe we First.... 102) 88 92 86 86 86 84 
ENG es as eee cin ae oe Second . 275 | 62 56 82 38 82 89.6 
MIG RU... = 2 heen een ete tess Firsts... 140 | 48 81.2 60 87.5 75 86 
DOM 2323 ee as Seeond . 262 12 52 16 64" * Ldorseee 76 
Baton Ronse; ba: 33.2... cewas ees First... 121} 80 82 84 94 64 88 
Gs sae ne oes Seen Second . 247 | 54.2 36 66 46 4.5 61.2 
Son SURE eee one ee ee eae Mirst. > ne a ey y Sa Re i 
NO set ee ae eee ee eras a Becond).|>. 2.456 78 (ey a re PRR eee 
Wagon aruda t.-2 o>. eens First... - 126 | 70 82 90 88 84 84 
Oh Seen cee cis Second . 238 | 78 y el alee Ee 88 88 76 
DorhamoN: hes. fo ae vasa = Pirsts-5% 147 | 89.3 69.5 84. 2 83.6 80 50 
DIO a se ee eee eee crea Second . 251; 82 91.8 84 88 76 
Ann Arbor? Mien: 2. s2s-see ac - 2< = Wixsh-o ev elennen en 92 88 88 48 88 
ciel esate a eam ale a Second |.) <s.<+5< 80. 92 86 22 82 


Average percentage of ger- |{First.... 
mination. Second . 


Average percentage of loss 


kh ee 
in vitality. 


Second . 
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Tables XVII and XVIII have been considered together, since both 
have to do with the same variety of sweet corn. The difference in the 
quality of these two samples was quite marked when the seed was 
received. Germination tests were made January 30, 1900, and showed 
94 per cent for the ‘‘A” and 88 per cent for the ‘*B” corn. In 
November, 1900, samples of seed from the same original packages 
were tested, giving a germination of 92.4 per cent and 88.5 per cent 
for the ** A” and ‘* B” samples, respectively, as shown in the controls 
of the above tables. Thus, when two grades of corn are subjected to 
favorable conditions of storage, both are well preserved; but when 
subjected to unfavorable conditions, the one of poorer quality is much 
more susceptible to injury. The ‘‘A” sample which was stored in 
envelopes in trade conditions lost 10.11 per cent, as compared with 
26.9 per cent for the ‘‘B” sample. The ‘‘A” sample which was 
stored in dry rooms lost only 9.81 per cent, while the *‘ B” sample 
lost 25.06 per cent. In basements, the ‘‘ A” sample lost 23 per cent 
and the ** B” sample 31.74 per cent. In both samples the corn in the 
packages stored in the basement at Mobile was so badly molded at the 
time the second tests were made that they have been omitted from the 
table. 

The most interesting feature in comparing the results of these two 
samples is found in the seed which was stored in the bottles. The 
average results of the ‘‘ A” samples show a much higher percentage 
of germination for those from the bottles than the control, while the 
averages for the ‘‘B” sample were much lower than the correspond- 
ing controls. The average germination of the ‘* B” sample from the 
bottles was 59.7 per cent for the trade conditions, 48 per cent for dry 
rooms, and 68.4 per cent for basements, or a loss in vitality of 32.55, 
45.76, and 22.71 per cent, respectively. This difference was due to 
two causes, first, a difference in the quality of the seed at the begin- 
ning of the experiment, and, secondly, the larger amount of water in 
the second sample, ‘‘ B.” The greater quantity of water present in 
the seed gave rise to a more humid atmosphere after the seeds were 
put into the bottles, especially when subjected to higher temperatures 
than those in which the seeds had been previously stored. ‘This is an 
important factor always to be borne in mind when seeds are put up in 
closed receptacles; they must be well dried if vitality is to be preserved. 
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TABLE XIX.—Percentage of germination of lettuce subjected to varivus conditions o 
§ ys ) 
storage in different localities. 


[Germination of control sample: First test, 81.6 per cent; second test, 92.3 per cent.] 


Percentage of germination. 


Num- 


“ haces Trade : : ao 
Place of storage. eet fey conditions. Dry rooms. Basements. 
storage.) 7 m, : 
Envel- .< | Envel- ., | Envel- S 
opes, Bottles. opes. Bottles. opes. Bottles, 
Baeke Cy, Pid. cco ences conan oudes Biret..... 129 87 84 81 76.5 68 77 
DOs cied cus cee cs doeeke eens Second . 234 85 92 92.5 90 43.5 95. 5 
Anbry Ale =. 3). ce. eee First. ... 102 | 86.5 85.5 88.5 84.5 84.5 88.5 
ih so oe Se eee ee Second . 275 86 90.5 90.5 91 83.5 90 
Mobilis: Als «2 2. ee ee Pivet.... 140 | 63 78 58 87.5 1.5 83 
DO) eek os ae pe eee Second . 262 | 20 88.5 31 S05 lice cea 91.5 
Baton: Rove, Bae... - 2... see Firat... .- 121 82.5 81.5 79 78.5 70.5 76 
DO os eo ee ee ee Second . 247 84.5 93.5 74.5 87.5 .5 92.5 
Pan‘suan. Po Ru. s oe eee Pivet. .~« 131 79 $7.5 |.<cecwculsoscnanalence acne ee 
DO 5 eo ee eke oe ee BAGONG <|.05c<cec 83.5 :)) nl ee eee 
Wagoner Indiv) oo. a eee iret... 126 | 78 76 80 82 81 76.5 
DO 5 eee ee oo eee Second . 238 82 02.'0.> 1. 2s 94 87.5 &9 
Dorhein, Bo «eee First....} 147] 82.56 | 80.25] 83.25] 77.5 | 80 75.2 
DO oiG ee oe eee Second . 251} 88.5 93 92 93 90.5 90.5 
AncATDOr Wien <= 522° 26 eee in 14:} a eee ae 82 68.5 84.5 81.5 78.5 72 
197 Ot ee a ee ee See 3 Seoond .h. w<sn0ct 92.5 90 89.5 90.5 88 91.5 
Average percentage of ger- |(First...- 128 | 80.06; 80.15} 79.18} 81.14 | 66.28 78. 31 
mination. Second . 951.| 77.75 | 91.12 | 78.88) 90:98.) .Ga5be 90.78 
Average percentage of loss |{First..-.- mat: 1.89 1.77| 2.97 .56 | 18.78 4.03 
in vitality. Second . 251 | 15.76 1.29} 15.14 1.49 | 28.95 1.65 


The lettuce has shown no very marked deviation from the controls, 
save the seeds from the packages kept at Mobile, and those which were 
stored in basements in envelopes at Baton Rouge and Lake City. 
The average results of the second series of tests show a similar logs in 
vitality of all of the seeds from the envelopes. Thesamplesof seed from 
the bottles germinated practically as well as the controls. The results 
of the first series of tests are not entirely satisfactory, none of the 
tests having gone to standard. The low germination of the lettuce in 
this series was due to inability to properly control the temperature in 
the germinating pans. The proper temperature for the successful 
germination of lettuce seed is 20° C., while in this first series the ger- 
mination tests were unavoidably made at 26° to 27.5° C. Neverthe- 
less, this seeming objection is of little consequence, since all of the 
results are directly comparable with the control. 
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Taste XX.—Percentage of germination of onion subjected to various conditions of storage 
in different localities. 
[Germination of control sample: First test, 95.8 per cent; second test, 97 per cent.] 


Percentage of germination, 


Order of ares “Trade condi- Dry rooms Basements 
» " 5. “| ; Ss. 
Place of storage. tests. |days in tions. 
storage. 
Envel- Envel _| Envel- ? 
opes. Bottles, oper. Bottle 8.) opes. Bottles. 
SG ny EES PTB cise 129 | 95 95 95.5 95 80 97.5 
DENG Cals didicaiew vita tw na dot ae ein Second . 234 16.5 95.5 | 79 96 0 97.0 
SE MUREE CISL 2 2 5 had ac olan den as First. ... 102} 96 96.5 96 98,5 97 | 97.5 
ane od ae st onder ows sated esas Second . 275 12 96 96 98 23.5 99 
| 
LIN CSS a a a ae Rivets se. 140 7 1 94.5 11.5 96.5 | 75.6 99 
Te eye et Be re ee | Second . 262 0 1 94.5 0 96,5 ay 97.5 
TE ICOUPC. PAL. ca cdetcesuccecane Wirst..<- 121 90 te 94 93.6 85 96.5 
ge so GE BS © ee Second . 247 0.5 | 97.6. | 0 65 0 48.5 
’ 7 
RNIN. Ds Bhai ecemcenwens wens oe aS 0628 RR ene eee rent ee! ot 
MRE aasca cece but wamaamca adh Second «|..2-- lee. 50 06.5) >| ies ta eee teu ee ee 
SEIIPEEICL WL on sconce eco a bun HITSL; i 126} 93.5 | 97.5 | 95.5 97 96 94.5 
ht otg fy SR Ges ee ee Rae Be Second .| Soaimeeenen OD: .' lwecwece 97.5 3 97.5 
SPUMRRIMEI INGEN «eas tock cane ou ce me Lis b=] 147 | 96.5 96 | 94.5 96 93 94.5 
SR ts PC oe Bccweie ede wo Second . 251 0 97.5 96 97 94 98 
Oe i) MAM ss Sol wsees a coe 95 96 99.6 | 97 93 97 
2 a ee Bacon Ni. toe xs 97.5 | 97.5 | 9 | 96.5 | 47 98 
Average percentage of ger- |{First.... 128 | 82.19} 95.81 83.79 | 96.21 81.36 96. 64 
mination. Second . 251 | 25.12] 96.25] 61 | 92.36] 33.08 90. 86 
Average percentage of gain ||First....{ 128 | 14.20| +0.01| 12.53 + 0.43| 15.07| +40.87 
or loss in vitality. Second . 251} 74.11 120° |. S712 4.80 | 65.90 6.33 


aThis test has not been included in making up the averages inasmuch as the seeds were badly 
molded when put in test. 


The onion seeds which were stored in the envelopes were very seri- 
ously affected in many of the places. Those from the basement at Lake 
City, from all of the conditions at Mobile, and from the dry room and 
basement at Baton Rouge were entirely killed. The seed from trade 
conditions at Baton Rouge germinated only 0.5 per cent. In many 
other cases the samples from the envelopes had become practically 
worthless. In only two instances was there any loss in vitality where 
the seeds were stored in bottles, viz, the second tests from the dry 
rooms and basement at Baton Rouge. These two tests have lowered 
the average results quite materially. If they were not included the 
averages would be raised to 96.91 and 97.90 per cent, respectively, 
instead of 92.36 and 90.86 per cent, as given in the table. The average 
percentages of germination of the seeds from the envelopes were very 
low in the second test, and were as follows: Trade conditions, 25.12 
per cent; dry rooms, 61 per cent, and basements, 33.8 per cent. This 
represents a loss in vitality of 74.11, 37.12, and 65.9 per cent, respec- 
tively. 

Onion seed is relatively short lived, and very easily affected by 
unfavorable external conditions. For this reason onion seed should 
be handled with the greatest care if vitality is to be preserved fora 
maximum period. This may be done successfully by keeping the dry 
seed in well-corked bottles, or in any good moisture-proof package. 


60 THE 


VITALITY AND GERMINATION OF SEEDS, 


Taste XXI1.—Percentage of germination of pansy subjected to various conditions of 
storage in different localities. 


[Germination of control sample; First test, 63 per cent; second test, 53 per cent.) 


Place of storage. 


Tit? Bea ec oe 
Auburn. Ala. 3... 22.22. 
DO. oe ees 
Mobile, Alg.3 est ae 
Oy 2 he a ee 


Do... ct See 


Do 


DO ta S55. es 
{9 ee ge Fee NS 


Oe tee oe 
Average percentage of ger- 
mination. 
Average percentage of loss 
in vitality. 


Taste XXII.—Percentage of germination of phlox drummondii subjected to various con- . 
ditions of storage in different localities. 


[Germination of control sample: First test, 69 per cent; second test, 53.9 per cent.] 


Place of storage. 


| 
Num- 
Order of | ber of 
tests. |daysin 
storage. 


Percentage of germination, 


Trade 
conditions. 


~| Bottles. 


Envel-|potties.| E™Vel potties, 


Dry rooms. Basements. 


—— 


Firat.... 129 


50. 5 62.5 46 59 
peer 59.5 8.5 52.5 
49.5 63.5 49 63.5 
44 60.5 36.5 60 
59.5 40 50 53 
52 48.5 3.5 60.5 


opes. opes. 
45 58.5 10.5 62.5 
22.5 47 0 57.5 
66.5 62 60 59.5 
28 27.5 0 33.5 
2 61 1 59 
0 3.6 . boa 2.5 
38 44 4.5 54 
0 7 0 2.5 


Second . 234 
lo, 102 
Second . 275 
i Ye =... 140 
| Second . 262 
First .... 121 
Second. 247 
Bivet...2 131 
P MOOONG lnc om ccais 
| First .... 126 
Second . 238 
First... . 147 
Second . 251 
Mirat. -. 02. 
Second «|. -.<2oc 
First... < 128 
Second . 251 
Birst.5- 128 
Second . 251 


Num- 
Order of | ber of 
tests. |daysin 


storage. 


15. 60 


Percentage of germination. 


Trade condi- 
tions. 


Envel- | Rottles. Envel- Bottles,| EmVvel- Bottles. 


29.48 | 11.23] 49.89 6.92. 
53.97 | 23.02 | 84.76| 27.49 


Dry rooms. Basements. 
. 


opes. opes. 


Lake City, Pla... -<...5<- First.... 129 
DO.. acces eee Second . 234 
Anburn.-Alg -..2.->-s.. First... 102 
DO 2 23.4 SI eee eee Seeond . 275 
Mobile:.Ales 222.2 --s22 Birst... 140 
DO). 25. eee Second .| ° 262 
Baton Rouge, La........- First: 32, 121 
DO oo ees Second . 247 
San Juan. Po -<.sceceee First:. 2: 181 
Dar... 2b eee Second! secs. 
Wagoner: Ind: T...<.<... First... 126 
DO = 2.503} Stee Second 238 
Durham, Ni By. << .scos Firsts. .- 147 
De... fa eee Second .|- 251 
Aun Arbor: Mich. 2. os. ae cee << Rirak Spec oe 
| 0 ee eek Second 4}.-.. a.- 
Average percentage of ger- |{First..-.. 128 
mination. Second . 251 
Average percentage of gain |{First.... 128 


or loss in vitality. 


| | | | 


LS a ey es 


|Second f 251 


62 62 20.5 77.5 
6 25.5 0 
62 63 65.5 67.5 
13.5 59 1 
0.5 74.5 0.5 58.5 
0 58.6. [eceaeee 48.5 
43.5 58. 5. 2 70.5 
58. 5 0 61.5 
61 70 65 ‘ 7 
ree 57 9.5 47.5 
62.5 45.5 69.5 71.5 


17.91 | 49.64] 11.08 59.5— 


93.54] 8.29| 40.49] + 2.01 
66.78 | 7.91 | 79.45 | +10.39 
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Pansy and phlox have been considered together, since their behay- 
ior was almost the same. Both of the controls deteriorated to a con- 
siderable degree during the 123 days which elapsed between the time 
of the first and the second test, pansy losing 15.87 per cent and phlox 
21.88 per cent. In both cases the mean loss in vitality of the seeds in 
the envelopes was very great. The results of the second tests show a 
loss of 84.91 per cent for pansy, and 85.86 per cent for phlox where 
stored under trade conditions. In dry rooms there was a mean loss 
of 53.57 per cent for pansy and 66.78 per cent for phlox, and in base- 
ments a loss of 84.76 per cent for the pansy and 79.45 per cent for the 
phlox. These results are obtained by considering the second test of 
the control as a standard, the depreciation of the control being dis- 
regarded. Some samples were dead and many more were of no eco- 
nomic value. It is especially interesting to note how quickly the seeds 
died at Mobile, Ala., there being only a few germinable seeds at the 
end of 140 days. 

The behavior of the seeds in the bottles was more or less variable. 
Some of the pansy seeds showed a higher vitality than the control, but 
the averages were somewhat lower, the mean loss ranging from 15.60 
per cent under trade conditions to 27.49 per cent in basements, while 
with the phlox the means for trade conditions and for basements were 
higher than the control by 8.27 and 10.39 per cent, respectively. 
TasLe XXIII.—Percentages of germination of tomato subjected to various conditions of 

storage in different localities. 
{Germination of control sample: First test, 95.5 per cent; second test, 97.5 per cent.] 


Percentage of germination. 


Num-| , a 
Order of | ber of Trade condi- 


af ; “tr, Dry rooms. Basements. 
Place of storage. tests. |daysin tions. 
storage.| = 7 
Envel- _| Envel- .. | Envel- = 
opes. Bottles. opes. Bottles. opes. Bottles. 
OD in ig ee First. .:. 129 | 94 94 94 95. 5 88.5 4 
0 Second . 234 oF 98 94 97.5 77 97.5 
SEERA Se 5 5 ee cease ese Hirata 102} 95 94.5 93.5 97.5 96 94.5 
on ae re ee Second . 275 | 94 98.5 97 94.5 98 96.5 
a Hitec 2 140 90 94.5 91.5 96.5 64.5 | 93.5 
oo Ss ee Second . 262 | 79.5 97.5 87 1 95.5 19.5 98 
mat Ure, Ua... ...05..--.-.- First... 121} 91.5 95 91 95 83.5 95 
Re A eae s Second . 247 | 96 96.5 93 98 39.5 96 
ee First.... dS Sh). RR ee ere oa 2 
A Rsk) <a ee eee Second}... 422<2 96.5 UEMEET. 9.3... sdlcwiae owktle cnboeeleeee meee 
Is ee Piret...... 126 | 96.5 97 98 96.5 98.5 96 
eS ee Second . 147 | 94  ) aa | 97.5 98.5 93.5 
OS, Firat. <<. 147 | 94.5 95 97 4 97.5 96.5 
i. Bo Se Second . 251 | 87 98 97 gy 97.5 97 
eee DOr, Mich ............-<..- Wirst.2: is -0¢ See 89 4 93 91.5 89 92.5 
a re Second :.l 2.220. 98.5 | 98 98 97.5 95 98 
Average percentage of ger- |{First.... 128} 93.06] 94.81] 84 95.21 | 88.21 94. 57 
mination. Second . 251 | 92.44] 97.381 | 94.33] 97.07 ' 84. 25 97. 21 
Average percentage of loss pte Seege 128 2.56 0.72 1. 57 0.30 | 7.64 0.98 
in vitality. | Second . 251 5.20) 0.20) 3.29 0.44 | 13.63 0. 30 
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The tomato seed, as shown in Tables V and XXV, was the most 
resistant to the unfavorable conditions of storage. ‘The seed in the 
bottles was not injured at any of the places. The lowest germination 
was 91.5 per cent from the seed kept ina dry room at Ann Arbor, 
Mich. ‘The seed in the envelopes gave a much wider variation, falling 
quite low in some of the samples which were stored in the basements. 
The average losses in vitality for the entire series of the second set of 
seeds which were kept in envelopes were as follows: Trade conditions, 
5.20 per cent; dry rooms, 3.29 per cent; basements, 13.63 per cent. 
The average percentage of germination of the seed which was kept in 
the bottles differed from the control less than one-half of 1 per cent. 


Taste XXIV.—Percentage of germination of watermelon subjected to various conditions 
of storage in different localities. 


[Germination of control sample: First test, 95.5 per cent; second test, 99 per cent.] 


Percentage of germination. 


Num- 
Order of | ber of 
tests. |days in 


Trade condi- 


tions. Dry rooms. Basements. 


Place of storage. 


storage. = 
Envel- Envel- Envel- S 

opes. Bottles. opes. Bottles. opes Bottles. 
Bake City. Pie socu.ccusk see eee PITSt. 2. 129 | 98 98 96 98 98 100 
Di ize st eee Second . 234 | 92 96.2 86 98 70 94 
AVDUFI AU& concn oo oe oe First... 102} 94 94 96 98 99 100 
DO ee ee ees Be See Second . 275) 86 100 98 98 94 96 
Mobile :Ala. 22.332 eee Pirst..2- 140 98 98 98 100 80 100 
D6 ode 2S Sale ccaatleus Gane Seen Second . 262 64 96 68 96 0 100 
Baton Rouge; a. so.cacce ee eee First... 121 | 100 98 96 100 98 98 
Dk. 2e8s oc pcacieceae ease Second . 247} 92 98 86 100 20 100 

San Juan: Pi Ry ..22 ose ee eee Ly) ae 131 | 96 100°. [occeamnslaccuc ce Olean ee 

DO. nets ss eee eee PeCcOnG lt... .. 88 bt, | en eee I 
Waroner Ind: U5 oe... eee FITSt.o-- 126 | 98 98 98 100 96 98 
DO. asvcuok Seeetuse: beste pence. Second . 238 | 94 OS 9 hie comes 96 88 98 
Durham, NucEt asics cc dononn enone First. ... 147 | 98 98 100 98 98 96 
DO 656i 5 cee ee Second .| 251 | 82 96 98 92 94.1 98 
Ann Arbor, Mien os.2-.--25 nesses Hirst. . sess ee 100 100 94 94 98 96 
DO! Fike oe Secon siz cocwess 96 100 96 92 100 96 

Average percentage of ger- |{First.... 128 | 97.75 | 98 96.86 | 98.29] 95.29 98. 29 

mination. Second . 251 |} 86.75 | 98.02] 88.67} 96 77.70 97.43 

Average pecentage of loss |{First.... 128 0.56; 0.31 1.47 0.01 | 3.06 0.01 

in vitality. \Second E 251 | - 12.87 0.99 | 10.44 3.03 | 21.52 1.59 


What has been said of the tomato seed is practically true for the 
watermelon, save that there was a greater loss in vitality in the latter, 
when seeds were kept in envelopes. The average percentage of ger- 
mination of the second tests was 86.75 per cent for trade conditions; 
88.67 per cent for dry rooms; and 77.7 per cent for basements, or a 
loss in vitality of 12.37, 10.44 and 21.52 per cent, respectively, as com- 
pared with the vitality of the control sample, which germinated 99 
per cent. 

An examination of the foregoing set of tables will show that in 
most cases the deterioration was comparatively slight during the first 
128 days. Yet even during this short period the losses in vitality 
were very marked in some of the more critical localities, particularly 
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tt Mobile. However, the greatest loss, as shown by the germination 
tests, was during the 123 days immediately following. 

While seeds, like other living things, are capable of withstanding 
quite unfavorable conditions for a considerable time without showing 
any appreciable deterioration in vitality, still the forces destroying 
vitality are at work. When the turning point is once reached and can 
be detected by germination tests, the decline is more noticeable and 
death soon follows. 

The preceding tables show that the loss in vitality was very differ- 
ent in the different places. The conditions at Mobile, Ala., proved to 
be the most injurious, while those at Ann Arbor, Mich., were the 
most conducive to longevity. These results, however, are given in 
another part of this paper dealing with the effect of climate on the 
vitality of seeds. The results are tabulated on pages 18 and 23 and 
represented diagrammatically on page 24, so that any further discus- 
sion at this time is unnecessary. 

Likewise each table has been summarized, giving the average per- 
centages of germination and the average percentages of the loss in 
vitality of each sample of seed for both the first and second tests. 
These averages include those of the three conditions of storage—trade 
conditions, dry rooms, and basements—in both envelopes and bottles. 

Naturally, the results of the second tests are of the greater impor- 
tance, and, in order that the results may be readily compared and more 
critically examined, they have been collected and tabulated herewith: 
TaBLE XXV.—Average percentage of germination and average percentages of loss in 

vitality of the different kinds of seeds when kept under different conditions. 


a Trade conditions. _ a rooms. Basements. 

mH — 

a Envelopes.| Bottles. “Bottles. Envelopes.| Bottles. 
eS = - - —— 

6s o os o ie | 5 + 

i 106 See ee eae te eee | a) ee pe oe 

eee feet le pete es lee le) s | eis ia 

Sa eeviee le toe fe | eee | > So + pe ee tee 

S = J A= Si s E ia eI § = A= q 

8 ei oe 7 eee | | aS ey ee 

Peete) Sta fee | 2 | oO | AP oO its 
a aol or an alee ae —j}— - 
ROMALG. .. 2.2.22... 97. at 92.44) 5.20) 97.31) 0,20 94.33) 3.29 Jo ¥ 0. us 25) 13.63) 97.21) 0.30 
Sweet corn, “A” ..| 92.4) 83 | 10.11) 96.75|+4.71) 83.33] 9.81) 94.86) +2 si 3.08, 22 | 98 |+ 6.06 
ee ee 95.7) 84.74] 11.45) 95.25, 47) 80. 45| 15.94) 95.14 aa 60. 66, 36 * 96.28/+ 60 
Watermelon....... 99 | 86.75) 12.37) 98.02, 99 88. 67| 10.44, 96 3.03, 77.70) 21 53) 97.43) 1.59 
ae 92.3) 77.75) 15. Us 91.12, 1.29 78.33) 15.14) 90.93 1.49) 65.58) 28. > 90.78, 1.65 

MN dae se~ soe 78.8) 60. 94) 22.67) 73.56) 6.65) 64.33) 18.37) 72.71 7.73 59 | 25.13) 74.07, 6 
Sweet corn, “B” ..| 88.5] 66.41] 26.09] 59.70) 32.55) 66.33, 25.06, 48 | 45.76, 60.41) 31.74] 68. 40, 22.71 
aaa 98.7| 69.50] 29.59] 97 | 1. 72) 69.33) 29.76) 97.36 1.36 55.66 43.61) 98.86) +.10 
Cabbage ........... 92. 4| 52.15] 43.56 90.56 1.94) 61.50) 33.4 4) 89.93 2.67| 58.33) 42.29) 92. 21) 22 
oo ae 82 | 37.31] 54.50) 80.87) 1.38) 53.83) 34.: 35 74.71, 8.89 37.75) 53. 96) 75.21| 9.50 

. | | | 
NN can eas rne.. 97 | 25.12] 74.11) 96.25 1. 20) 61 | 37.1 a 92.36) 4.80, 38.08, 65.90) 90.86) 6.33 
| : : 

Pansy ....--......- 53 | 8 | 84.91) 44.75, 15.60) 24.41) 53.97) 40. 80) 23.02, 8.08 84.76) 38.43) 27.49 
as nan ven = 5 53.9) 7.62] 85.86) 58.37 +8.27| 17.91) 66.78) 49.64) 7.91, 11.08, 79.45) 59. 50) +10. 39 


Liss y #2 Seo Sees Re Ge ‘Cea CEC 2 GL a ss |e 

Average loss | 
; : ; 

el 6th al ee a C6768 ool SeRR. xa. A eee. O. OSloacehp y dy.) ay | 4.51 
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In comparing the average results shown in Table X XV, it will be 
seen that different seeds behave very differently under practically iden- 
tical conditions. The list of seeds has been arranged according to 
their loss of vitality as represented by those kept in envelopes under 


trade conditions, as shown in the fourth column. ‘The tomato seed | 


gave a loss in vitality of 5.20 per cent, being the most resistant to the 
unfavorable climatic conditions. Phlox, on the other hand, germinated 
only 7.62 per cent, representing a loss in vitality of 85.86 per cent. 

Likewise the same seeds behave very differently under slightly 
different conditions, as will be seen by comparing the percentages of 
deterioration in the case of seeds kept in envelopes under trade condi- 
tions, in dry rooms, and in basements. In dry rooms the order, except 
the peas, is the same as for trade conditions. The loss of vitality in 
the seeds stored in the dry rooms was uniformly less than for those 
stored under trade conditions, excepting for the peas and beans; but 
in the series from the basements there was great irregularity. The 
loss in vitality for the most part was uniformly greater than under 
trade conditions or in dry rooms save in the last five—cabbage, carrot, 
onion, pansy, and phlox—where the loss was less in the case of those 
kept in the basements. This indicates that these five species of seed 
are less susceptible to the evil effects of a moist atmosphere when the 
temperature is relatively low. 

The relative value of these three conditions for storing seeds in 
paper packets is best obtained by a comparison of the general averages. 
The average losses in vitaliy for the thirteen different samples of seed 
which were kept at the eight different stations were as follows: Trade 
conditions, 36.63 per cent; dry rooms, 21.19 per cent; basements, 42.28 
per cent. From these results it is quite clear that seeds put up in paper 
packages will retain their vitality much better if kept in dry, artificially 
heated rooms than if they are subjected to trade conditions or stored 
in basements. 

But another comparison needs yet to be made, and is the most impor- 
tant of the series, i. e., the vitality of seeds when kept in closely 
corked bottles. In the majority of cases there was but little deviation 
from the control samples, and many of the samples germinated even 
better where the seeds were kept in bottles. The ‘‘A” sweet corn 
offers the best illustration of the increased germination. At the same 
time the ‘‘ B” sample of sweet corn was very much injured. Here are 
two samples of the same variety of corn behaving very differently 
when kept in bottles. This difference in vitality is directly attributed 
to the greater quantity of water in sample ‘‘ B,” showing the necessity 
of thoroughly drying seeds if they are to be put up in closed vessels. 
A comparison of the general averages of the bottle samples and of 
those kept in envelopes indicates that the former is far superior to the 
latter as a method for preserving the vitality of seeds. Under trade 
conditions the loss in vitality was 36.63 per cent in envelopes and 
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3.93 per cent in bottles; in dry rooms, 21.19 per cent in envelopes and 
8.08 per cent in bottles; in basements, 42.28 per cent in envelopes 
and 4.51 per cent in bottles. 

The necessary precautions to be taken, if seeds are to be stored in 
bottles, are (1) a well-dried sample, preferably artificially dried seed, 
and (2) a cool place for storing, at least a place in which the tempera- 
ture will not be higher than the temperature at which the seeds were 
originally dried. 

If the above precautions are taken at least two beneficial results will 
follow: First, protection against moisture, which is of considerable 
importance, as many seeds are soon destroyed in that way when kept 
in paper packages. Secondly, vitality will be preserved for a longer 
period and consequently there will be a more vigorous germination, a 
better growth of seedlings, and a greater uniformity in the resulting 
crop. 

Having thus shown that seeds retain their vitality in warm, moist 
climates much better when kept in bottles than when kept in paper 
packages, the necessity of finding a more suitable method for sending 
small quantities of seed to such places at once presents itself. 


EXPERIMENTS IN KEEPING AND SHIPPING SEEDS IN 
f SPECIAL PACKAGES. 


At present the greatest disadvantages in sending out seeds in bottles 
are the inconvenience and expense involved by this method of putting 
up seeds. The increased cost of bottles, as compared with the paper 
packets now so universally employed, the additional labor and expense 
necessary to put up the seeds, the greater cost in handling and pack- 
ing the bottles to insure against losses by breakage, and the increased 
cost of transportation, are all matters of vital importance. Seedsmen 
claim that the existing conditions of the trade will not admit of their 
raising the price of seeds sufficiently high to justify the increased 
expense of glass containers. Although to the seedsmen the preserya- 
tion or the prolongation of vitality is an important factor, yet the 
demand is for an inexpensive and at the same time a neat and service- 
able package. 

Accordingly, duplicate samples of the following-named seeds were 
put up in special packages, one set being sent to Mobile, Ala., and the 
other kept at Ann Arbor, Mich. The seeds used for these experi- 
ments were beans, peas, cabbage, lettuce, onion, pansy, and phlox.¢ 


@The lettuce, onion, pansy, and phlox were from the same bulk samples of seeds 
as those used in the earlier experiments; but the beans, peas, and cabbage used for 
these tests were from samples received at the laboratory on February 4, 1901. How- 
ever, the latter three were from the same general stock of seed, differing from those 
used in experiments already given only in that they were stored during the interval 
in the warehouse of D. M. Ferry & Co., Detroit, Mich., instead of in the botanical 
laboratory at the university. 
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All of these samples were first dried for ten days in an incubator main- 
tained at a temperature of from 30° to 32° C. The amount of mois- 
ture in the samples before and after drying, as well as the moisture 
expelled during the drying process, was as follows: 


Moisture test of seeds in special packages. 


|Moisture in) yoisture | Moisture 


isi hd aaarca remaining. liberated. 
Per cent. Per cent. ! Per cent. 

BOGS Oo oe ee dc wee as cornet Cree eb cans © wave tae vane mane tees 10. 32 | 4, 90 5, 42 
Peas oo toe es Ae Soe sean dae Wenn oiled da os oo enw cious ka ed aan ae 9. 70 6.00 3.70 
Cabbere .... ana~ <5 He ae mn oS ee rn me aa eet ot) 4.89 3.47 1,42 
PO Ae ake Pek 2 5: hye IR eke Mek eh Sa, 5. 33 | 3. 80 1.53 
Ceiba 8 CEA Se AE ee oo ~~ Tee saa 6.48 | 4.47 2.01 
PANSY § ssa hes 3 sig aon oe ne ee aa = oh ba ong alee eas ate 4.82 3.138 1.69 
PPO oe is ees Scr sale bak ie ales eo cs « ss al ema in wera s 5. 82 4.30 1.52 


These well-dried seeds were then put up in seven different kinds of 
packages: 

(1) Double coin envelopes, of much the same quality as those in which 
seeds are commonly sold. 

(2) Bottles of 120 cc. capacity, closed with firm cork stoppers. 

(83) Bottles of 120 ce. capacity, corked and sealed with paraftin. 

(4) Tin cans having closely fitting lids, the whole being then care- 
fully dipped in paraftin. ’ 

(5) Double coin envelopes, as for No. 1, the packets being then 
dipped in melted paraffin. 

(6) Double coin envelopes, the inner one paraftined, the outer envel- 
ope being used simply to protect the paraflin and to facilitate ease of 
handling. 

(7) Double coin envelopes, with both the inner and the outer coated 
with paraftin. 

On February 15, 1901, one of each of the above preparations was sent 
to Mobile, Ala., and stored in a cellar approximately 400 feet back 
from the bay. After the lapse of 108 days, i. e., on June 3, these 
samples were received in return, at which time germination tests were 
made. 

The other complete set, retained in the botanical laboratory at Ann 
Arbor, was subjected to a very moist atmosphere. The samples were 
kept in a damp chamber made by taking two battery jars of different 
sizes, the smaller containing the seeds being placed within the larger, 
which was lined with filter paper and then partially filled with water. 
The whole was covered with a glass plate, and the atmosphere within 
was always on the verge of saturation. 

A third and an extreme set of conditions was established by keeping 
some of the paraffined packages immersed in water for twenty-seven 


EXPERIMENTS IN KEEPING AND SHIPPING. 67 


days. At the end of that time (March 14) the seeds were tested for 
germination, as were also those from the unprotected envelopes in 
the moist chamber. The seeds that were kept under water in the 
paraflined packages germinated readily and normally, showing no 
deterioration in vitality; but the seeds from the packages not paraflined, 
which were kept in the moist chamber, had been injured to an appre- 
ciable extent, there being a marked retardation in the germination of 
all of the species of seed. The cabbage at the end of thirty-six hours 
had germinated only 11 per cent, as compared with 57.5 per cent for 
seed from the immersed paraflined package. The relative merits of 
the two conditions as affecting onion seed may be expressed by a 
germination of 13.5 per cent and 39 per cent, respectively, after sixty- 
one and one-half hours. Not only was there a marked retardation, 
but likewise a reduction in the final percentage of germination, with 
the single exception of the cabbage. These results can be more care- 
fully studied in Table X XVI. 

Germination tests were made of all of the other samples on June 3, 
1901, the date when the seeds were returned from Mobile. Atthis time 
the seeds in the unprotected envelopes in the moist chamber were so 
badly molded that no germination tests were made. The samples from 
Mobile, which were directly comparable with the above, except that 
they had been stored in a basement, were greatly injured. The beans 
had deteriorated to 88 per cent, the onion to 27 per cent, the pansy to 
8 per cent, while the phlox was dead. However, seed of the other 
species—cabbage, lettuce, and peas—gave final percentages of germi- 
nation varying but little from the control, but the slowing down in 
the rapidity of germination was sufficiently marked to show a corre- 
sponding loss in vitality. 

With the samples which were put up in bottles, tin cans, and 
parafiined packages the results were quite different from those given 
above. Innocase was there any marked deviation beyond that which 
might be justly attributed to ordinary variation, except in the phlox 
from a tin can which had been stored in the moist chamber in the 
laboratory. This sample of phlox germinated only 3.5 per cent. 
Unfortunately, both the pansy and the phlox seeds used for these 
experiments were not very satisfactory. These samples were at this 
time nearly two years old and consequently of a low vitality. The 
tabulated results of the foregoing experiment follow. 
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Taste NN VI.— Vitality of seeds preserved in different kinds of packages. 
| Dura- Percentage of germination, 
Treatment of samples, marth, Cab- Let- On- Pan- ae [Aver- 
ment. | Beans. | bage.| tuce. | ions, Peas, 5 Phlox “ages 
Days. | | | | 
GComtrol «ioe igo cmb eo oon ae 94.0 | 90.2 | 89.5 | 97.5 | 90.0 | 37.7 | 42.5 | 77.34 
Ann Arbor, Mich., moist chamber: | 
ENVOIONOS «ns siocevesnvecn teen 27 80. 0 | 91.0 | 76.5 | 90.0 | 88.0 25.0 0.0 64.35 
Bottle, corked. .i...2)<vssth eoetecs 108 | 98.0] 91.5 | 91.0 | 93.5} 94.0 | 36.0 | 31.0 | 76.43 
Bottle, parafined. «55. <ecscdtecsclcess 108 97.5 | 93.5 | 90.5 | 95.5 | 90.0 | 39.5 | 39.0 | 77. 93 
Tin can, paraffined............-.-..- 108 | 96.0 | 87.0 | 90.0 | 93.0 | 90.0 | 35.0) 3.5 | 70.68 
Two envelopes, outer paraffined ....| 108 98.0 | 91.5 91.5 | 97.0 | 92.0 | 33.5 | 27.5 | 75.85 
Two envelopes, inner paraffined .... 108 98.0 | 94.0 | 89.0 | 93.0 | 88.0 | 24.0 | 47.0 | 76.14 
Two envelopes, both paraffined ..... 108 96.0 | 90.5 | 86.5 | 95.5 | 92.0 | 23.0 | 38.5 | 74.57 
Two envelopes, both paraffined and | 
immersed in water......--.--e-e0. 27 | 100.0 | 88.5 | 88.5 | 94.5 | 90.0 | 34.5] 30.5 | 75,21 
Mobile, Ala., basement: 
BIN VOIODOS .. Joss acces ee terete ie onus’ 108 | 88.0 | 86.0 | 88.0 | 27.0 | 96.0) 8.0 0.0 56.14 
Bottle. corked ...<.5.<..5;0e50 108 98.0 | 91.0 | 90.5 | 95.5 | 84.0 | 34.5 | 32.5 | 75.14 
Bottle, parafined. 6c .ssensssnsee=<- 108 98.0 | 90.5 | 92-5 | 95.5 | 92.0 | 34.5] 44.5 | 78.21 
Tin can, paraffined..............---- 108 | 96.0 | 88.0 | 95.0 | 96.0 | 88.0 | 26.0 | 23.0 | 73.14 
Two envelopes, outer paraffined .... 108 94.0 | 90.5 | 89.0 | 95.5 | 92.0 | 29.5 | 34.0 | 74.73 
Two envelopes, inner paraflined .... 108 96.0 | 92.0 | 88.0 | 90.0 | 98.0 | 33.0 | 38.0 | 76.43 
Two envelopes, both paraffined..... 108 | 100.0 | 92.0 89.5 88.5 | 90.0 | 25.5 | 33.5 | 74.14 


Subsequent experiments were made, using envelopes of different 
qualities, as well as varying the treatment of the packages. Samples 
of cabbage, lettuce, and onion seed were put up as follows: 

(a) The regular seedsmen’s envelope, made of a heavy grade of 
manila paper. 

(2) Envelopes made of a medium quality of waterproof paper. 

(c) Envelopes made of a thin parchment paper. 

(7) Envelopes made of the same quality of parchment paper as for 
the preceding series, but paraftined previous to being filled with seed. 
The packages were then sealed by redipping the open ends. 

(e) Envelopes of parchment paper, as for the two preceding series, 
except that the envelopes were first filled with seed, sealed, and then 
the entire package was dipped in paraffin at a temperature of from 
55° to 60° C. 

Samples of all of these packages were then stored under trade con- 
ditions and in dry rooms in Ann Arbor, Baton Rouge, and Mobile. 
The exact conditions of storage in the different places were the same 
as described on pages 49 and 50. 

The samples were put up on May 20, 1901. The period of storage 
ended on November 26, having continued 190 days. Unfortunately, 
no special precautions were taken to dry the seeds. They were simply 
air-dried samples; hence they contained a quantity of moisture suffi- 
ciently large to give rise to an increased relative humidity of the 
confined air in the paraflined packages. This increased humidity was 
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accompanied by a greater activity within the cells, and consequently 
by a greater deterioration of vital force. For this reason the results 
are not as definite as the conditions warrant. Nevertheless, some 
important facts were brought out by the experiments which justify 
their being discussed and tabulated (in part) at this time. 


Taste XX VIL.— Vitality of seed preserved in paraffined packages. 
[Trade conditions, seeds put up in— Dry room, seeds put up in— 
Parchment Parchment, 
Kind of need. Paraflined gee! my Seedsmen’s| Paraffined | hen tip Seedsmen's 
envelopes. | ped in par-| packages. | envelopes. | ped in par-| packages. 
affin, at affin, at 
50° to 60° C, 50° to 60° C. 

Cabbage: Per cent. Per cent. | Per cent. Per cent. | Per cent. Per cent. 
Aun Arno? MiChs 2: s..\0 91 90 86.5 | 90.5 85.5 86.5 
he Se eS a oe 80.5 57.5 8.5 38 50.5 5 
Baton Rouge, La ........ 70 63 22.5 78.5 79.5 35.5 

Lettuce: 

Ann Arbor, Mich.......: 89.5 89.5 96.5 91.5 90 93 
PURE AIG cir a nos wise cow 80 75 64 78 78.5 61.5 
Baton Rouge, La........ 81.5 77.5 74 82 73.5 72.5 

Onion: | 
Buin Arbor: Mich... .<,.. 91 90 93 91.5 89 89 
Mobile, Ale.....:-......- | 0 ed 0 0 4.5 0 
Baton Rouge, La........ | 1 2 | Gn! 5 40 0 

PTE a aeons mn Gwe! ne 2 | 59. 39 62. 94 49, 44 61.11 | 65. 66 49. 22 


In the first place, the injury resulting from the effect of the climatic 
influences is quite well marked in the above table. The conditions at 
Mobile and Baton Rouge were much more detrimental to the life of 
the seeds than were the conditions at Ann Arbor. Secondly, the dif- 
ferences in the preservation of vitality of those seeds stored under 
trade conditions and of those kept in dry rooms were much less marked 
than they were in earlier experiments. This is probably accounted 
for by the marked difference in the two seasons. The summer of 1900 
was extremely wet in the South, especially at Mobile, while the sum- 
mer of 1901 was exceptionally dry. Concerning the conditions Zim- 
mer Brothers wrote on November 26, 1901, as follows: 

We do not think you will find much difference in the two packages. The season 
this year has been very dry, with no rain since the big August storm; in fact, we do 
not remember such a dry season in thirty years. 

Although the season was exceptionally dry at Baton Rouge and 
Mobile, the loss in vitality was very great in comparison with the loss 
at Ann Arbor, demonstrating very clearly that climatic influences play 
avery important part in the storage of seeds. 

This table shows the relative resisting powers of lettuce, cabbage, 
and onion seed, the lettuce being most resistant and the onion least 
resistant, as shown in a preceding table. However, the chief purpose 
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of this series of experiments was to demonstrate the relative value of 
different packages as a means of putting up seeds. 

In Table XXVIL it will be observed that the results obtained from 
the waterproof and parchment paper envelopes have been omitted. 
These omissions have been made because the results were practically 
identical with those of the ordinary seedsmen’s packets; but the com- 
parisons to be made between the ordinary paper packets and the 
paraftined packages are worthy of consideration. The envelopes that 
were paraflined after being filled with seed gave the best results. 
This difference, however, was due not to the special treatment but 
to the higher melting point of the paraffin. ‘The average percentages 
of germination of the three samples of seed kept under trade con- 
ditions in the three localities were 59.39 per cent for the envelopes 
previously paraftined, 62.94 per cent for the envelopes dipped in 
paraflin after being filled with seed, and 49.44 per cent for the seeds- 
men’s envelopes. In dry rooms the results were 61.11, 65.66, and 
49.22 per cent, respectively. These averages were somewhat higher 
than the true conditions of Baton Rouge and Mobile warrant, as the 
results of the germination tests from all of the packages retained at 
Ann Arbor showed but little variation. Taking the three samples of 
seed which were stored under trade conditions in Mobile, the average 
percentage of germination was 24.2 for the seed from the nonparaffined 
package and 45.5 percent for the seed from the paraftined package, show- 
ing a loss in vitality of 77.3 and 49.5 per cent, respectively, considering 
the germination of the Ann Arbor sample asastandard. At Baton Rouge 
the results were slightly better; the average percentages of germination 
were 32.2 for the seeds from the nonparaffined and 53.5 per cent for 
the seeds from the paraflined packages, representing a loss in vitality 
of 65 and 40.5 per cent, respectively. While in either case the loss 
was very great, still the advantages of the paraflined packages are 
worthy of consideration for the reason that a prolong: ation of life for 
only a few weeks is frequently of the greatest importance, particularly 
in districts where much fall planting is done. 

In this connection may be given the results of some other tests, 
which really were a part of this same experiment, but included only 
onion seed. This seed was put up in seedsmen’s envelopes and in 
paraflined envelopes like those previously described. In addition, 
seed was also put up in small bottles, which were corked. These 
packages were kept in a small box within a suit case carried on two 
trips across the Atlantic and on a tour through Central Europe, thus 
subjecting them to very variable conditions. Germination tests 
gave the following results: Seed from the ordinary packages, 77 per 
cent; paraftined envelopes, 90 per cent; bottles, 91 per cent. 

To test more thoroughly the eben atairas of seeds in paraflined 
packages and in bottles, another series of experiments was begun on 
December 20, 1901. For these tests only cabbage and onion seeds 
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were used, but each with three different degrees of moisture: (1) Seed 
from the original packages, i. e., air-dried samples, the cabbage hay- 
ing a water content of 5.80 per cent, and the onion 6.48 per cent. 
(2) Air-dried samples were exposed in a moist atmosphere under a bell 
jar for two days, during which time the cabbage absorbed 1.83 per 
cent of water and the onion 2.41 per cent, thus raising the water con- 
tent to 7.63 and 8.89 per cent, respectively. (3) Air-dried seeds 
which were dried in an incubator for eight days at a temperature vary- 
ing from 27° C, to 399 C. During this interval 2.05 per cent of water 
was expelled from the cabbage and 3.11 per cent from the onion seed, 
leaving a water content of only 3.75 per cent in the former and 3.37 
per cent in the latter. 

Kach of the samples, treated as just described, was put up in three 
different kinds of packages: (1) Seedsmen’s regular seed envelopes. 
(2) Similar envelopes which were paraffined, after being filled with 
seed, at a temperature of from 70° to 75° C. The melting point of the 
paraftin was 538° C. (3) In bottles which were closed with firm cork 
stoppers. 

One of each of the above packages was then stored at Mobile under 
trade conditions and in a basement; likewise at Ann Arbor in the 
herbarium room of the botanical laboratory, in a greenhouse, and in 
an incubator maintained at 40° C. The duration of this experiment 
was 131 days, from December 20, 1901, to April 30,1902. The results 
of the germination tests are given in Table XXVIII. Two percentages 
have been given for the control sample, one for Ann Arbor and the 
other for Mobile. ‘This was necessary since the two series were tested 
at different times and comparisons can not be made interchangeably 
between the two. 


TaBLeE XX VIII.— Vitality of cabbage and onion seed as preserved in various kinds of 
packages and subjected to different conditions of storage. 


(Germination of control samples—Ann Arbor: Cabbage, 81.7 per cent; onion, 74 per cent. Mobile: 
Cabbage, 88 per cent; onion, 84.5 per cent.] 


| = . . 
| Percentage of germination. 


Percent: | ; , 
Dak Ld cad Special treat: . age of | case a eps > Pe are 
peckene, package. content | Botan- Trade | ,, | Incuba- | Trade | : 
of seed. | ,1ca condi-|GT&€D-| ‘tor at | econdi- | Base 
FE veces tions, | house. | 40°C. | tions, | Ment 
Cabbage: = | | 
TOMI 6 a nm s wine DOUG 2 savas cl 5.80 | 81.0 81.0 68.0 | 72.5 60.0 10.0 
7s ee ae ee Paratin ... us 5.80 | 80.0 79.0 85.5 62.0 87.5 52.5 
aes Corked ....... 5.80} 79.5] 85.0] 85.0 | 98.5] 8.0] 84.0 
Envelope.......... MONG. ca 05's 7. 63 85.5 80.5 65.5 | 74.5 64.5 15.5 
i rere Paraffin ...... 7.63 80,5 82.0 83.5 | 69.5 86.5 | 46.5 
Fe Corked ....... 7.63 | 80.5 | 85.0] 86.5 18.0} 82.0 91.5 
Envelope.......... NGRG+.)26«- es 3. 75 76.0 85.5 67.0 73.0 | 64.0 9.0 
ae Paraffin ...... 3.75 | 86.0] 84.0] 76.0| 71.0 | 82.5| 78.0 
CO eee GOLkaG > 2.0... 3. 75 83. 0 $4.0 | 74.0 64.5 | 82.5 85.0 
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Taste XX VIII.— Vitality of cabbage and onion seed as preserved in various kinds of 
packages and subjected to different kinds of slorage—Continued, 


Percentage of germinatien. 
| 


IJaATrTeea aS ° | ae 
Senha’ tonal " — Ann Arbor, Mich. Mobile, Ala. 
Kind of seed and oy . t of 5 ‘ = : oa es oe aes = 
ackage. ment ol water Bots 
I package. content olan-| made Incuba-| Trade | 
of seed. | ical condi- Green- tor at condi- | Base- 
| labo- re jae house, 10° C - peng ment, 
‘ratory. 10ns, 40 - tions. 
Onion: 
Envelope........-.-- | None .......2% 6.48 | 78.5 69.5 3.5 47.0 19.5 10.0 
Deis. Paraffin ...... 6.48 | 76.5 66.5 67.0 15| 83.0 27.0 
Bnttie « 3) a2 8 Corked .....<:. 6.48 73.5 71.5 60.0 64.0 86.0 82.5 
Bnvelone: «.ca<ess MONO aiken, 8. 89 74.5 60. 0 11.5 28.0 | 21 2.5 
I 
De... Paraffin ...... 8. 89 74.5 66.0 56, 0 9.0 74.5} 21.0 
Bottle «oo loos cae lee Corked .....-. 8.89 78. 0 68.0 67.5 3.0%) 77.5 | 78.5 
Envelope.......... Wane <..scs5: 3.37| 61.5] 63.5 8.5 »6.0| 17.0 6.0 
2”) Din? See a Paraiin =.<.-: 3.37 75.5 72.5 58. 0 ? 9.0 77.0 | 60.5 
Bottle +222. Corked 22.27. 8.37 76.5 71.0 77.0 69.5 84.5 | 81.5 


Many of the points brought out by this table are very similar to 
those of the preceding one, yet the differences are sufliciently marked 
to justify its being given in this connection. The seeds stored in the 
botanical laboratory and those subjected to trade conditions at Ann 
Arbor have germinated practically the same, the cabbage slightly 
favoring trade conditions and the onion being better preserved in the 
laboratory. Buta comparison of the trade conditions at Ann Arbor 
and Mobile in the unprotected packages shows the same wide variation 
that has been already pointed out. 

The advantage of drying is not very clearly brought out in this 
table; in many cases there seems to have been a slight injury as a 
result of the high temperature at which the drying was done. Una- 
voidably the temperature at that time reached 39° C., which, as has 
already been stated, is slightly above the maximum to which seeds 
can be subjected for any considerable time without injury. The 
injury due to heat is very evident in the samples stored in the incu- 
bator maintained at 40° C., this injury being more apparent with the 
increased moisture, especially in the paraftined package and in the 
bottle. However, on the whole the percentages of germination are 
higher for the dried seed than for the seed which had absorbed an 
additional quantity of moisture; and, indeed, the comparison should 
properly be made with these two, for seeds as they are usually stored 
contain even higher percentages of moisture than either the cabbage 
or lettuce after they had absorbed the additional amount of water. 

But the chief purpose of the present experiments was to determine 
the relative advantages of envelopes, paraflined packages, and bottles 
as methods of putting up seed in order that vitality might be pre- 
served for a longer time. This comparison is best made by consider- 


a 
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ing the vitality of the seed stored in the greenhouse at Ann Arbor and 
under trade conditions at Mobile. It will be readily seen that the 
vitality of the seed from the unprotected packages was greatly reduced, 
while those from the paraftined envelopes and from the bottles germi- 
nated nearly as well as the controls. These differences are better rep- 
resented diagrammatically, as follows: 


Diagram representing the percentages of germination of cabbage seed when treated as 


described. 


Percent- | 
Kind of sae sa i Ann Arbor, Mich., green- Mobile, Ala., trade 
package. package. eontent house. | conditions. 
of seeds, | 
: | : px. <2 * —s. 
Envelope ....... aa eC eee 5.80 | 73.3 60 
LU OP ES SO 2 oS oer seme 
| 
te ae Paraffined .... 5.80 | 92.1 87.5 
ET es 
/ 
Lt COTrke@G®: oi 6ax 5.80 | 91.5 84 
TT 
RP RIOINE eee he ont e's Khaia mac saan 7.63 | 70.5 64.5 
SORES (ere 
j ; 
Ye aie ee dh Paraffined . ... 7.63 | 89.9 86.5 
TS AS | 
0 i Gorked-. 7.63 | 93.1 82 
EQS0NT) UR RMS OE oe 
oO lo ee i 3.75 | 72.1 64 
PETE, PE a 
| 
1 Paraffined .... 3.75 | 81.8 | 825 
SCOR 
POUMG. es. Corked ......- 3.78 | 79.7 82.5 
SURE ee a 
Control sample .| Original pack- 5.80 | 88 8s 
SWOT RE en 
age. 


Diagram representing the percentages of germination of onion seed when treated as described. 


Percent- 


Kind of | Special treat- age Ol Ann Arbor, Mich., green- | Mobile, Ala., trade 
package ment of Water house conditions 
; package. content in a 
of seeds. 
SMES fot ol ooo cause nace « 6.48 | 4 19.5 
fe] rene 
1 ee eee | Paraffined.... 6.48 | 76.6 83 
Gar om CE ET a ee 
ODLIC.. 25-2... Corked~: ....< 6.48 | 68.6 86 
eee ene ee eS see al 
Envelope .....-. S366 eee 8.89 | 13.2 | 21 
| =m | EE 
ee | Paraffined .... 8.89 | 64 74.5 
cS ee 
SE Gorked:..-. = 8.89 | 77.3 77.5 
TSS a 
En ad a S50 | 1927 17 
Lv =} an 
We So ko Paraffined.... 3.37 | 66.3 77 
| POE ee LT 
ee | Corked ....... 3.37 | 88 84.5 
EPEC S4 SDE Pe (TST) CU Pe are 
Control sample... Original pack- 6.48 | 84.5 84.5 
suuaientanae 
age. 


The percentages for Ann Arbor shown in the graphic representations 
are not the same as those given in the foregoing table. In the diagram 
they are directly comparable with the results from the Mobile series, 
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all being based on the vitality of the controls, as shown by the tests 
made at that time, the standard being 88 per cent for the cabbage and 
84.5 per cent for the onion. 

A discussion here hardly seems necessary, as there can be no doubt 
that seeds retain their vitality much better in moist climates if pro- 
tected from the action of the atmosphere. ‘This may be accomplished 
by dipping the packages in paraflin or by putting the seed in bottles. 
Disregarding the expense, bottles surpass paraflined envelopes as a 
means for the preservation of vitality, and also in the ease with which 
the seed can be put up. ‘The results are more certain if care is exer- 
cised in selecting good corks. 


RESPIRATION OF SEEDS. 


Krom a practical point of view it has been conclusively shown that 
moisture is the controlling factor in seed life. Seeds stored in a 
humid atmosphere soon lose their vitality, but if carefully dried and 
protected from moisture life is greatly prolonged. 

The question at once presents itself: In what way does the presence 
of increased quantities of moisture cause a premature death of the 
seed, or why is vitality prolonged if the water content of the seed be 
reduced ? 

In a measure, the answer to this question is vespzration. Seeds as 
we commonly know them absorb oxygen and give off carbon dioxid; 
that is, respire.“ During their respiratory activities the energy 
stored within the seed is readily evolved, the vital processes are 
destroyed, and life becomes extinct. The intensity with which respi- 
ration takes place is largely dependent upon the humidity of the sur- 
rounding atmosphere, which ultimately resolves itself into the amount 
of water in the seed. The respiratory activity is directly propor- 
tional to the quantity of moisture absorbed by the seed up to a certain 
point, attaining its maximum during the process of germination. It 
has been found that a decrease in the water content results in a cor- 
responding diminution in the intensity of respiration and consequently 
in a prolongation of the life of the seed as such. 

Bonnier and Mangin? were the first to show that respiration in liy- 
ing plants increases with an increase in the humidity in the surround- 
ing air. As this is true for growing plants, it is even more marked 
in stored seeds. Maquenne* suggested that a reduction in moisture 
is accompanied by a reduction in respiration, but at that time no 
experiments had been made to show that such was actually the case. 


« Kolkwitz (Ber. d. deutsch. Bot. Ges., 19: 285-287, 1901) reports respiration in 
recently ground seeds. 

b Ann. se. nat. bot., ser. 7, 2: 365-380, 1885. 

¢Ann. Agron., 26: 321-332; 1900. 
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In 18382, Aug. Pyr. De Candolle wrote in the second volume of his 
Physiologie Végétale that the vitality of seeds would be prolonged if 
they were buried sufliciently deep in the soil to protect them from 
oxygen (or air) and moisture. Unfortunately, De Candolle did not 
discover the true cause of this prolonged life, for nowhere did he 
make any reference to respiration. Nevertheless his general conclu- 
sions were properly drawn. De Candolle also stated that light acceler- 
ates evaporation in seeds and thus causes a premature death. Here, 
however, his results were wrongfully interpreted. These conclusions 
are applicable only in case of seeds that die if allowed to become dry. 
The real effect of light is to cause a slightly accelerated respiration 
and consequently a greater deterioration in vitality. Jodin” states 
that light accelerates respiration to a marked degree. His experi- 
ments were with peas which contained 10 to 12 per cent of moisture. 
Two samples of peas were placed, each under a bell jar, over mer- 
eury. One sample was kept in the light and the other in the dark. 
At the end of 4 years 6 months and 14 days an analysis of the con- 
fined air from the sample kept in the light gave the following results: 


Peas, 3.452 grams, in air, in light: Per cent. 
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At the end of 4 years 7 months and 14 days an analysis of a sam- 
ple of air taken from the other chamber was as follows: 


Peas, 3.580 grams, in air, in dark: Per cent. 
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The 3.452 grams of peas that were subjected to the influence of the 
action of light had absorbed, in the given time, 2.4 cc. of oxygen and 
produced 1.8 cc. of carbon dioxid. The seed kept in the dark showed 
but little signs of respiratory activity. Germination tests of the 
former showed the peas to be dead, while five peas from the sample 
kept in the dark germinated perfectly. 

While there is no question that light exerts some influence on respi- 
ration, still the above results do not furnish sufficient data to establish 
the fact that respiration practically ceases in the absence of light. In 
fact, experiments have shown that respiration is also quite marked in 
case of seeds stored in the dark, and the difference is very slight if the 
same temperature be maintained. 

Van Tieghem and Bonnier, in their ‘‘ Recherches sur la vie latente 
des graines,”’ demonstrated that 7.976 grams of peas, sealed, in air, 

a4 Ann. Agron., 23: 433-471, 1897. 
> Bul. Soc. bot. France, 29: 25-29, 1882. 
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in a tube, respired quite freely. After the lapse of two years an 
analysis of the confined air gave the following results: 

Per cent, 
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These same seeds germinated 45 per cent and had increased .}9 of 
their original weight. 

In the experiments of the writer it was found that 40.1150 grams of 
air-dried beans liberated 7.7 cc. of carbon dioxid in 3870 days. The 
concentration of the carbon dioxid in the flask at the time the gas was 
drawn for analysis was 1.54 per cent. This sample of seed germinated 
97 per cent, and there was only a very slight retardation in germina- 
tion, which indicated that the vitality had not been materially reduced. 
During this time there was a slight decrease in the weight of the seed— 
0.19 per cent. At the same time two check bottles were set up, one 
containing 40.1184 grams of beans known to be dead, and the other 
bottle containing nothing except air. Analyses of the air from these 
two bottles gave the same results as samples of air drawn from the 
laboratory. These preparations were kept in subdued light through- 
out the experiment. 

That respiration may take place in the dark, that it is very intense 
if much moisture be present, and that intensive respiration is accom- 
panied by a rapid loss in vitality is shown by the following experi- 
ments. On April 3, 1900, samples of beans, cabbage, carrot, lettuce, 
and onion were sealed, each in bottles of 250 ce. capacity, and were 
stored in a dark room which was maintained at a temperature of from 
20° to 259 C. These samples were first carefully weighed and then 
placed in a damp chamber for 175 hours, so that an additional quantity 
of moisture could be absorbed. 

Control samples of air-dried seeds were also kept in sealed bottles 
and subjected to the same subsequent treatment. After the lapse of 
one year analyses of the confined gases and germination tests of the 
seeds were made, the results of which are given with the general 
details. 

Beans.—Oft beans, 24.9994 grams absorbed 4.70 per cent of water 
while in the damp chamber. The respiration during the year was 
equivalent to 2.5 ce. of carbon dioxid. The loss in weight was only 
0.05 per cent, but the vitality had fallen from 100 to 86 per cent, as 
shown by the control. 

Cabbage.—Oft cabbage seed, 10 grams, with an additional 9.79 per 
cent of water, were used for this test. During the year this sample 
of cabbage seed had given off 24 ce. of carbon dioxid, an equivalent of - 
2.4 ec. of carbon dioxid per gram of seed per year. The control 
sample germinated 89 per cent, but this seed was dead. 
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Carrot.—Of carrot seed, 10 grams were allowed to absorb during 
175 hours an additional 10.25 per cent of water. In one year 27 ce. of 
carbon dioxid were produced, giving a concentration of carbon dioxid 
of nearly 12 per cent. The deterioration in vitality was from 84 to 0 
per cent, as compared with the control. 

Lettuce. —Of air-dried lettuce seed, 10 grams were allowed to absorb 
an additional 8.87 per cent of water. During the experiment 19.5 ce. 
of carbon dioxid were formed, an equivalent of approximately 10 per 
cent of the original volume of the inclosed air. These seeds were all 
killed. The control sample germinated 94 per cent. 

Onion.—Of air-dried onion seed, 10 grams were allowed to absorb 
an additional 10.11 per cent of water. The seed gave off 26.5 cc. of 
carbon dioxid during the experiment and deteriorated in vitality from 
97 to 0 per cent. 

A bottle containing 4 cc. of water was also sealed at the same time 
and served as a check for the other analyses. A sample of air taken 
from this bottle gave the same results as the original air sample. 

It is a matter of much regret that no analyses could be made of the 
air from the bottles which contained the check samples. These bottles 
contained the same weight of air-dried seeds as was used for the 
experiments. Unfortunately the seals on these bottles had become 
dry and admitted of an exchange of gases, so that the results were not 
reliable. 

Another series of experiments consisted in keeping onion seeds in 
sealed bottles for 1 year and 13 days, with the following results: 

(a) Fifty grams of air-dried seed were sealed, in air, in a bottle of 
500 cc. capacity. There was an increase in the weight of the seeds of 
0.1091 gram—slightly more than 0.2 per cent. An analysis of the 
inclosed gas gave: 


i Per cent. 
Ee OSE ae ee ae ee a ee 12. 27 
Ne ee a a at teen la We enc ete sence weneane 85. 87 
et SOREL Sapel ch EOE Es ll Ree Se es re ae 1. 86 


(b) Fifty grams of air-dried seed were sealed, in air, in a 500 ce. 
bottle, with 4 cc. of water in a small test tube at the bottom of the 
bottle. Nearly all of the water was absorbed by the seeds, there 
being an increase in weight of 3.6475 grams, or 7.3 per cent. The 
composition of the inclosed air was: 


Per cent. 
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The oxygen had all been consumed and the seeds were all dead. 
(c) Fifty grams of onion seed were sealed in a 500 cc. bottle, in a 
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mixture of illuminating gas and air. The increase in weight was only 


0.04 per cent. An analysis of the inclosed gas was as follows: 

Per cent, 
ORVGON «oho vce cus cecistnuness uth ee sida e ee btbenbaen’ 4s << 0tetel eee 3. 23 
Carbon GIOKiG . . cs .<weecebsviu te Cua dueeedene cndtv de ecok ones 1,21 
Mothane abd DRITOGOR o«.<a o6.dsvercpern = osicd vnwtewnecescbasees tune eee 95. 96 


(7) Another 50-gram sample of onion seed, belonging to a different 
series, was sealed in a bottle of 300 ce. capacity, and showed the 


following composition of the inclosed air: 
Per cent. 
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In only one case was there any deterioration in vitality, namely, 
where the large quantity of moisture was present. The other samples 
germinated normally. The seed kept in the illuminating gas germi- 
nated even better than the control. 

In all of the bottles there was a marked decrease in pressure, show- 
ing that the volume of oxygen absorbed was much greater than the 
volume of the carbon dioxid given off. 

During respiration certain chemical changes must be taking place 
which exert a marked influence on the vitality of seeds. What these 
changes are is a question yet to be solved. The protoplasts of the 
individual cells gradually but surely become disorganized. C. De 
Candolle“ takes the view, in discussing the experiments of Van Tieg- 
hem and Bonnier, that during respiration life is simply subdued. 
But the period of subdued activity, he says, is comparatively short, 
for respiration soon ceases and life becomes wholly latent. As a result 
of his own experiments in storing seeds at low temperatures he con- 
cludes that seeds cease to respire and become completely inert; in 
which case they can suffer any degree of reduction in temperature 
without being killed. The killing of the seeds experimented with 
(lobelia) he attributes to the fact that the protoplasm had not become 
inert, but simply subdued, and the seeds were thus affected by the low 
temperature. 

As a result of later experiments C. De Candolle,’ in keeping some 
seeds under mercury to exclude air, concludes that ** seeds can continue 
to subsist in a condition of complete vital inertia, from which they 
recover whenever the conditions of the surrounding medium permits 
their ‘energids,’ or living masses of their cells, to respire and assim- 
ilate.””, He compares the protoplasm in latent life to an explosive 
mixture, having the faculty of reviving whenever the conditions are 
favorable. This comparison seems rather an unfortunate one; yet, 
within a certain measure it is probably true. 


« Revue Scientifique, ser. 4, 4: 321-326, 1895. 
> Pop. Sci. Monthly, 51: 106-111, 1897. 
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It is now quite generally accepted that respiration is not absolutely 
necessary for the maintenance of seed life, notwithstanding the fact 
that Gray contended that seeds would die of suffocation if air were 
excluded.“ The experiments of Giglioli’ in keeping seeds of J/edicaqgo 
sativa immersed in various liquids for approximately sixteen years, 
after which many responded to germination tests, has done much 
toward demonstrating the fact that seeds can live for a considerable 
time in conditions prohibiting respiration. 

Kochs*¢ succeeded in keeping seeds for many months in the vacuum 
of a Geissler tube without being able to detect the presence of any 
carbon dioxid, and consequently he concluded that there was no gas 
given off by intramolecular respiration. 

Romanes “ kept various seeds in vacuum in glass tubes for 15 months 
and the seeds were not killed. However, his vitality tests can not be 
considered as entirely satisfactory. In the first place, the number of 
seeds used (ten) was too small; secondly, the variations in the results, 
even in the controls, indicate that the samples were not of very good 
quality. 

In the experiments of the writer cabbage and onion seed were kept 
in a vacuum over sulphuric acid for 182 days. During this time all of 
the free water had been extracted from the seed. When again con- 
nected with a vacuum gauge the dial showed that there was not the 
slightest change in pressure, and that consequently no evolution of 
gases had taken place. The cabbage germinated 75 per cent and the 
onion 73 per cent as compared with 81 and 74 per cent, respectively, 
for the controls. 

The results of the various experiments above given demonstrate 
quite fully that the vitality of seeds, as we commonly know them, is 
not interfered with if they are kept in conditions prohibiting respira- 
tion. Brown and Escombe’ hold that all chemical action ceases at 
temperatures of liquid air. They accordingly conclude that ** any 
considerable internal chemical changes in the protoplasts are rendered 
impossible at temperatures of —180° to —190° C., and that we must 
consequently regard the protoplasm in resting seeds as existing in an 
absolutely inert state, devoid of any trace of metabolic activity and 
yet conserving the potentiality of life * * * And since at such low 
temperatures metabolic activity is inconceivable an immortality of the 
individual protoplasts is conceivable providing that the low tempera- 
tures be maintained.” 


aAmer. Jour. of Sci., 3d series, 24: 297, 1882. 
b Nature, 52: 544, 1895. 

¢ Biol. Centrbl., 10: 673-686, 1890. 

@Proc. Roy. Soc., 54: 335-337, 1893. 

eIbid., 62: 160-165, 1897-98. 
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Gielioli@ arrived at practically the same conclusions when he said: 
ts) « 

It is a common notion that life, or capacity for life, is always connected with con- 

** * The very existence of living matter is 

supposed to imply change. There is now reason for believing that living matter 


tinuous chemical and physical change 


may exist, in a completely passive state, without any chemical change whatever, 
and may therefore maintain its special properties for an indefinite time, as is the 
case with mineral and all lifeless matter. Chemical change in living matter means 
active life, the wear and tear of which necessarily leads to death. Latent life, when 
completely passive in a chemical sense, ought to be life without death. 

But even though ordinary respiratory exchanges are not necessary 
for the maintenance of vitality, and granting that intramolecular 
respiration does not occur in the resting protoplasts, there is no exper- 
imental evidence pointing to the fact that all chemical action ceases, 
although some writers, as has already been shown, maintain the view 
that living matter may exist in a completely passive state. If ‘*com- 
pletely passive” meant devoid of respiratory activities none would dare 
dissent; but that seeds are entirely quiescent under any known con- 
ditions has not been proved. ‘To conceive of all activity ceasing 
within the seed under certain conditions, and that with such cessation 
of activity an immortality of the seed is possible, i. e., if such con- 
ditions continue to exist, is, from our present knowledge of the chem- 
istry and behavior of the living cell, impossible. In Giglioli’s experi- 
ments respiration was undoubtedly prevented, and, according to his 
own conclusions, vitality should have been preserved, for he says **in 
the absence of any chemical change the special properties may be main- 
tained indefinitely.” But, in his own experiments, the special prop- 
erties were not maintained, for all of the seeds with which he experi- 
mented deteriorated very much, and many died. Granting that those 
which suffered the greatest loss in vitality were injured by the pres- 
ence of the particular gas or liquid used there remain no means of 
accounting for the deterioration in those giving the highest percentages 
of germination. His experiments were made for the most part with 
Medicago sativa, which, under ordinary conditions of storage, is espe- 
cially long lived. Samek ? has shown that seed of J/edicago sativa 11 
years old was capable of germinating 54 per cent. Giglioli succeeded 
in getting a germination of only 56.56 per cent after a little more than 
16 years in hydrogen, and 84.20 per cent when they had been kept in 
carbon monoxid. Jodin ¢ kept peas immersed in mercury for 43 years 
and they germinated 80 per cent. After 10 years the vitality had 
fallen to 44 per cent. Nobbe obtained a germination of 33 per cent 
in peas 10 years old which had been stored under normal conditions. 
Likewise the experiments of Brown and Escombe do not justify the 


«Nature, 52: 544-545, 1895. 
> Tirol. landw. Blitter, 13: 161-162, 1894.. 
¢Ann. Agron., 23: 433-471, 1897. 
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conclusions which they have drawn. It is now definitely known that 
all chemical actions do not cease at the temperature of liquid air. Thus 
it can not be granted that the protoplasm becomes inert as a result of 
the reduction in temperature. Maquenne “more nearly expressed the 
true conditions applicable to low temperatures when he wrote that 
with dessication, at low temperatures, seeds are transformed from a 
condition of diminished activity into a state of suspended life. But 
there are still other factors to be considered. The vegetative functions 
may cease, metabolic processes may be at a standstill, intramolecular 
respiration need not exist, yet vitality is not, nor ever has been, pre- 
served; sooner or later life becomes extinct. What does this signify 4 
The gradual process of devitalization means chemical change, and 
chemical change means activity within the cells. We must not forget 
the great complexity of the composition of the protoplasmic bodies 
which go to make up a seed. The chemistry of the living cell is still 
surrounded by many difficulties and is likewise filled with many sur- 
prises, and before the question of the vitality of seeds can be under- 
stood a more comprehensive knowledge of both the functions and 
composition of the cell contents is necessary. 

It is well known that all organic compounds are made up of a very 
few elementary substances, but the numerous and obscure ways in 
which they are put together furnish questions of the greatest per- 
plexity. Substances having the same elements may differ widely as 
to their properties. Moreover, isomeric substances—i. e., those hav- 
ing the same elements in the same proportions, giving an equivalent 
molecular weight—are usually very different in their chemical reac- 
tions and physiological functions. As yet this intramolecular atomic 
rearrangement is but vaguely understood, and the writer ventures to 
‘suggest that with a more comprehensive knowledge of the chemistry 
of the living cell some such chemical activity will be discovered. 
With these discoveries will come, perhaps, an understanding of the 
devitalization of seeds, and with it the theory of the immortality of 
seeds will vanish. | 

SUMMARY. 


(1) Seeds, like other living organisms, respire when subjected to 
normal conditions of storage. 

(2) Respiration means a transformation of energy, and consequently 
a premature death of the seed. 

(8) Within certain limits respiration is directly proportional to the 
amount of water present in the seeds and to the temperature at which 
they are stored. 

(4) By decreasing the water content of seeds respiration is reduced 
and vitality greatly prolonged. 


«Compt. Rend., 1384: 1243-1246, 1902. 
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(5) In most seeds the quantity of oxygen absorbed greatly exceeds 
the quantity of carbon dioxid evolved. 

(6) Respiration is nearly as active in the dark as in the light. 

(7) Respiration apparently is not necessary for the maintenance of 
seed life. 

(8) A cessation of respiration does not mean a cessation of chemical 
activities. 


ENZYMES IN SEEDS AND THE PART THEY PLAY IN THE 
PRESERVATION OF VITALITY. 


During the past decade the so-called unorganized ferments have 
taken an important place among the subjects of biological research. 
Our knowledge of their wide distribution has increased many fold. 
The part they play in both anabolism and catabolism has furnished us 
many surprises, but with all of the work that has been done our knowl- 
edge of these most complex compounds is very limited. 

The part that enzymes play in the processes of germination is of the 
utmost importance. It is now quite well understood that they are 
developed as germination progresses. They act on the most complex 
reserve food products, converting them into simpler substances that 
can be more readily utilized by the growing seedling. 

However, even in this connection there is a great diversity of opinion, 
especially as to their distribution and enzymic action within the endo- 
sperm itself. Puriewitsch,¢ Griiss,’ and Hansteen¢ are cited by Brown 
and Escombe“ as holding the view that the amyliferous ‘cells of the 
endosperm of the grasses can digest their reserve materials independ- 
ently of any action of the embryo—i. e., the starch-bearing cells are 
living cells and secrete enzymes in the grasses as well as in the coty- 
ledonous cells of Lupinus, Phaseolus, and Ricinus. In 1890, Brown 
and Morris¢ did not find such to be the case; but the results of Purie- 
witsch, Griiss, and Hansteen led to a duplication of the experiments 
by Brown and Escombe in 1898. At this time they demonstrated that 
the amyliferous cells play no part in the chemical changes which take 
place during the process of germination, but on the contrary that the 
enzymic action in the endosperm of the grasses is confined to the 
aleuron layer. 

But the purpose of the present paper is not to consider the localiza- 
tion of the particular enzyme, and much less the action of enzymes 
during germination. At this time quite another question is to be 


«Pringsheims Jahrb., 31: 1, 1897. 

bLandw. Jahrbiicher, 1896, p. 385. 

¢ Flora, 79: 419, 1894. 

@Proc. Roy. Soc., 63: 3-25, 1898. 

e Jour. Chem. Soc., London, 57: 458-528, 1890. 
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considered, viz, In what way do enzymes function in the preservation 
of vitality 

Maquenne“ points to the view that the vitality of seeds is dependent 
on the stability of the particular ferment present. He attributes the 
prolongation of vitality in seeds that are kept dry to the better preser- 
vation of the enzymes. This view has been largely strengthened as a 
result of the investigations made by Thompson,’ Waugh, Sharpe,@ and 
others, in which they have shown that the artificial use of enzymes 
may brektly increase the percentage of germination in some old seeds. 
By the use of diastase the percentage of germination of 12-year-old 
tomato seed has been increased more than 600 per cent. 

If the suggestions made by Maquenne were true in every sense, then 
dead seeds should be awakened into activity by artificially supplying 
the necessary enzymes; but this can not be, or never has been, accom- 
plished. True, many experiments have been recorded in which a 
greater percentage of seed has been induced to germinate by the judi- 
cious use of commercial enzymes than by the ordinary methods of 
germination; but this treatment is applicable only where the vital 
energy is simply at a low ebb and does not in any way affect dead 
seeds. The experiments of the writer with naked radicles from the 
embryos of living and dead beans have shown the presence of enzymes 
in both. The carefully excised radicles were ground and macerated 
in water for one hour. ‘The filtrate was then added to dilute solutions 
of starch paste. The solutions from the living embryos gave rise to 
an energetic hydroly tic action. Inall cases hydrolysis was sufliciently 
advanced to give a clear reaction with F ehling’ s solution. The solu- 
tions extracted from the radicles from the dead beans also gave reac- 
tions sufficiently clear to indicate that there was still some ferment 
present. ¢ 

However, the hydrolysis was scarcely more than begun, giving only 
a brown color with iodin, but not reacting with Fehling’s solution. 
Results of a similar chirantor were obtained from portions of the seed 


Ann. Agron. 26: 321-332, 1900; Compt. Rend., 184: 1243-1246, 1902. 

>Gartenflora, 45: 344, 1896. 

¢ Ann. Report, Vt. Agr. Exp. Sta., 1896-97, and Science, N. 8., 6: 950-952, 1897. 

@Thirteenth Annual Report, Mass. Hatch Exp. Sta., Jan., 1901, pp. 74-83. 

éThis was a sample of ‘‘ Valentine’’ beans grown in 1897. The same year they 
tested 97.3 per cent. In March, 1898, the same sample tested 87 per cent. At this 
time they were sent to Orlando, Fla., where they remained until May 8, 1899, 
approximately fourteen months. The beans were then returned and numerous 
germination tests were made at irregular intervals, but in no case was there any indi- 
cation of vitality. Several samples were also treated with ‘‘Taka’’ diastase (solu- 
tions varying in strength from 2 to 10 per cent), but none was stimulated into 
germination. The radicles were tested for enzymes in the spring of 1902, nearly 
three years after the beans first failed to germinate, at which time they were nearly 
6 years old. 
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taken from the point of union of the axis and the cotyledons. These 
possessed stronger hydrolytic powers, the preparations from the living 
and dead beans each giving clear reactions with Fehling’s solution. 
A third series of tests was made by stopping the germination of beans 
when the radicles were from 1 to 1.5 cm. long. ‘These were then kept 
quite dry for nearly seven months, after which the dessicated radicles 
were broken off and macerated like the above. This solution was then 
allowed to act on starch paste, and the transformations were almost as 
rapid and complete as when a 1 per cent solution of commercial ** Taka” 
diastase was used. 

These results lead one to believe that the loss of vitality in seeds is 
not due to the disorganization of the enzymes present. There is some- 
thing more fundamental and probably more complex to which we must 
look for this life-giving principle. True, as Maquenne has suggested, 
there is a close relationship between the loss of vitality in seeds and 
the decomposition of enzymes. 

In order to determine what such a relationship might signify, the 
following series of experiments were made: 

Beans, peas, cabbage, lettuce, onion, phlox, and pansy seed, with 
definite quantities of good commercial ‘* Taka” diastase, were put up 
in bottles of 120 ce. capacity, as follows: 

(1) In bottle closed with cork stopper. 

(2) In bottle closed with cork stopper and paraftined. 

(3) 0.5 ec. of water in the bottle with the seeds and the diastase, the 
bottle sealed with paraffin. 

(4) 1 ce. of water in the bottle with the seeds and the diastase, the 
bottle sealed with paraftin. 

(5) 2 ce. of water in the bottle with the seeds and the diastase, the 
bottle sealed with paraflin. 

(6) 3 ce. of water in the bottle with the seeds and the diastase, the 
bottle sealed with paraftin. 

(7) 4c. of water in the bottle with the seeds and the diastase, the 
bottle sealed with paraftin. 

The water in each case was carefully added on small strips of filter 
paper and never were the seeds or the diastase wet, only becoming 
eradually moist as the water was absorbed. 

These different preparations, each containing one of each of the sam- 
ples of seeds and a definite quantity of the dry powdered diastase, 
were then maintained at the temperature of the laboratory for a period 
of 85 days. At the end of that time the vitality of the seeds was deter- 
mined and simultaneously the hydrolytic power of the diastase was 
ascertained. The results of the germination tests are given in Table 
XXIX. The effect of the increased quantity of moisture on the diastase 
is given in the discussion following the table. 
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Taste XXIX.—Loss in vitality of seeds with varying degrees of moisture when kept at 


ordinary room temperature. 


{Duration of experiment, 85 days. | 


Percentage of germination, 


Labor- 

on Lae Amount . 
wont epee pa of water Average 

‘ nr > gh oa aac added, Beans, Peas, | Cabbage.) Onion, Phlox, | Pansy. of all 
er, : samples. 

CC. 
Controla ...) None... 96.0 90.0 91.5 95. 0 41, 25 | 46.0 76.6 
1547 | Corked ..... None... 98.0 96.0 91,0 | 92.5 52.0 | $2.0 76.9 
148 Paraflined..| None... 96.0 92.0 91. 5 | 93.0 | 39.5 31.0 73.8 
BORG Ao cc. s erate 0.5 | 96. 0 92.0 89.0 | 88.8 28.5 25.5 69.9 
7 Las Sarde 1.0 96, 0 88. 0 89.0 64.0 12.5 | 18.0 61,2 
21 A a GO see ace 2.0 96.0 86. 0 78.0 13.0 70° 2.5 46.0 
Pee LEO wluncs 3.0 | 94.0 94,0 65,0 2.5 5 5 46.1 
1000.-\<<=.- ot 4.0 | 90. 0 81.6 54.5 | .0 .0 0 37.6 
} 


aThe samples prepared, excepting the control, were in bottles of 120 ce. capacity. 


The above table shows that there was a gradual deterioration in 
vitality as the quantity of water was increased. All stages of injury 
were manifested, but it is not necessary to enter into a discussion of 
the table at this time, inasmuch as similar tabulations, showing the 
injurious effects of varying quantities of moisure on the seeds, have 
already been given on page 38. ‘This table is inserted here in order 
that a comparison can be made with the decomposition of the com- 
mercial diastase used and the loss in vitality of the seeds. 

For a determination of the diastasic activity various quantities of 1 
per cent ‘‘ Taka” diastase solutions were allowed to act on definite quan- 
tities of a 1 per cent solution of starch paste, the whole being maintained 
at a temperature of from 45° to 48° C. Ten cubic centimeters of the 
starch solution were taken for each determination, and the amount of 
the diastase solution varied from one-half to 1, 2, 3, and 5 ce. In the 
control sample, consisting of diastase from the original bottle as it was 
kept in the laboratory, 2 cc. of the 1 per cent solution were sufficient to 
cause a complete hydrolysis of the 10 ee. of 1 per cent starch solution. 
In Nos. 1547, 1548, and 1549 the samples from the control bottle, the 
paraftined bottle, and the paraffined bottle containing 0.5 cc. of water, 
respectively, 3 cc. of the diastase solution were necessary for a com- 
plete hydrolysis. In Nos. 1550, 1551, and 1552—that is, the samples 
from the bottles which contained 1, 2, and 3 ec. of water, respectively— 
the diastase was very much injured as a result of the increased quan- 
tity of water in the bottle and 5 ce. of the diastase solution were 
required to hydrolyze the 10 cc. of the 1 per cent starch paste. No. 
1553—the sample from the bottle which contained the 4 ec. of water— 
showed that the diastase had been almost completely disorganized, 
inasmuch as the greatest quantity used (5 ce. of the 1 per cent diastase 
solution) was only sufficient to cause a slight hydrolytic action. When 
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tested with iodine there was still a deep, purplish-blue color. In this 
last case the average percentage of germination had decreased to 37.6 
per cent, as compared with 76.6 per cent for the control samples. 
Moreover, in the latter case, the onion, phlox, and pansy seeds were 
killed. 

These results show that there is a remarkable uniformity between 
the loss in vitality of seeds and the loss in the enzymic action of the 
Taka” diastase under similar conditions, but it does not furnish con- 
clusive evidence that the loss in vitality of the seeds is in any way 
governed by the particular enzymes present. In fact, the evidence at 
hand better substantiates the opposite view. In the first place dead 
seeds may still contain active ferments. Secondly, the prolonged sub- 
jection of seeds to the action of ether and chloroform is generally 
accompanied by a premature death, and if the seeds are moist the loss 
in vitality is much more marked. On the other hand, it is generally 
accepted that either of these gases exerts no injurious effect on the 
hydrolytic ction of the various ferments. Townsend“ has shown that 
the action of diastase on starch paste is even more energetic in the 
presence than in the absence of ether, but in germination ether usually 
has a retarding influence. In some cases, however, growth is stimu- 
lated by the use of ether. 

In the third place enzymes can not be the chief factors controlling 
the vitality of a seed, because the more sensitive growing point of 
the radicle suffers injury much in advance of the other portions of 
the seed. Not infrequently in making germination tests do we find 
that the growing tip of the embryo is dead, while other portions of 
the seed may still be living and capable of carrying on all normal met- 
abolic processes. The bean is one of the best examples for demon- 
strating this fact. Here the radicle may be entirely dead, yet the 
cotyledons may still be able to make some growth; but in all seeds 
where the growing tip is dead the remaining portion of the radicle 
may be living, in which case adventitious roots may be formed and 
erowth may continue for a considerable time, though very rarely will | 
a healthy seedling be developed. It thus seems quite clear that the real 
vital elements are closely associated with the growing point, and when 
this portion of the embryo is once dead the vital energy in the other 
parts of the seed is not of such a nature as to enable growth to con- 
tinue for any length of time. Even though the reserve food products 
are digested they can not be assimilated by the growing radicle, which 
should be the case were enzymes the chief elements to which the 
preservation of vitality is attributed. 

Enzymes play an important part in the vitality of seeds, and are 
undoubtedly necessary for the normal development of a seedling, but 
the points above given show that the life of a seed is not entirely 
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dependent on the stability of the particular ferment or ferments 
present. There is something more remote, possibly of a simpler but 
probably of a more complex composition, to which we must attribute 
the awakening of the metabolic processes. Reference is not made 
here to the zymogenic substances which develop into the particular 
ferment, for what has been said of the latter applies equally well to 
the former. If the zymogens were perfectly preserved the resulting 
ferments would be developed normally and germination would continue 
in the usual manner. 

In conclusion, it may well be emphasized that no single element or 
compound can be isolated as the sole source of vitality in seeds. 
There must be a combination of factors, each of which plays an 
important réle in the preservation of vitality. The destruction of 
any one of these factors may upset the principles governing the life 
of a seed, and consequently cause a premature death. 

It is quite probable that the nucleus is one of the most important - 
organs governing vitality, for unless it continues to function no other 
growth can take place. Other parts of the cell, however, may be of 
equal importance. At all events all hope of future gain must come 
from more critical studies of the cell contents to know their chemical 
composition and possible reactions. A correct solution of these perplex- 
ing questions is nothing less than a determination of the fundamental 
principles of life. What will be the ultimate results no one is prepared 
to say. 

SUMMARY. 


(1) A seed isa living organism, and must be dealt with as such if 
good results are expected when put under favorable conditions for 
germination. 

(2) The first factors determining the vitality of a seed are maturity, 
weather conditions at the time of harvesting, and methods of haryest- 
ing and curing. . 

(3) Immature seeds sown soon after gathering usually germinate 
readily, but if stored they soon lose their vitality. On the other hand, 
well-matured seeds, harvested under fayorable conditions, are com- 
paratively long lived when properly handled. 

(4) Seed harvested in damp, rainy weather is much weaker in vital- 
ity than seed harvested under more favorable conditions. Likewise, 
seed once injured will never regain its full vigor. 

(5) The curing of the various seeds is of the utmost importance, and 
great care should be taken to prevent excessive heating, otherwise the 
vitality will be greatly lowered. 

(6) The life period of any species of seed, granting that it has beer 
thoroughly matured and properly harvested and cured, is largely 
dependent on environment. 
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(7) The average life of seeds, as of plants, varies greatly with differ- 
ent families, genera, or species, but there is no relation between the 
longevity of plants and the viable period of the seeds they bear. ‘The 
seeds of some plants lose their vitality in a few weeks or months, 
while others remain viable for a number of years. 

(8) With special precautions and treatment there is no question that 
the life of seeds may be greatly prolonged beyond that which we know 
at present, though never for centuries, as is frequently stated. Cases 
so reported can not be taken as evidence of the longevity of seeds. 

(9) It is known that seeds retain their vitality much better in some 
sections of the country than in others. The part which climatic influ- 
ences play in the vitality of seeds is of much more importance than is 
generally supposed. 

(10) Experiments have shown that mozsture is the chief factor in 
determining the longevity of seeds as they are commercially handled. 
Seeds stored in dry climates retain their vitality much better than 
when stored in places having a humid atmosphere. 

(11) The deleterious action of moisture is greatly augmented if the 
temperature be increased. Not infrequently is vitality destroyed 
within a few weeks or months when the seeds are stored in warm, 
moist climates. If stored in a dry climate, the question of temper- 
ature within the normal range is of little moment. 

(12) The storage room for seeds as they are ordinarily handled 
should always be dry. If seeds could be kept dry and at the same 
time cool, the conditions would be almost ideal for the preservation 
of vitality; but the difficulties to be overcome in order to secure a dry 
and cool storage room render this method impracticable. 

(13) The most feasible method for keeping seeds dry and thus insur- 
ing strong vitality is to store them in well ventilated rooms kept dry 
by artificial heat. This method of treatment requires that the seeds 
be well cured and well dried before storing. 

(14) If seeds are not well dried vitality is best preserved at tempera- 
tures just above freezing, provided that the temperature is maintained 
uniformly. 

(15) In no case must the temperature of the storage house be 
increased unless the seed is amply ventilated so that the moisture lib- 
erated from the seed can be carried off readily by the currents of warm 
air. If this precaution is not taken the increased humidity of the air 
confined between the seeds will cause a marked injury. For this same 
reason seeds kept at low temperatures during the winter will deterior- 
ate in the warm weather of spring, especially if they contain much 
moisture. 

(16) Most seeds, if first carefully dried, can withstand long expos- 
ures to a temperature of 37° C. (98.6° F.) without injury, but long 
exposures to a temperature of from 39° to 40° C, (102.2° to 104° F.) 
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will cause premature death. If the seeds are kept in a moist atmos- 
phere a temperature of even 80° C. (86° EF.) will soon cause a marked 
injury. 

— (17) Seeds can endure any degree of drying without injury; that is, 
by drying in a vacuum over sulphuric acid. It is believed that such 
a reduction in the water content is necessary if vitality is to be pre- 
served for a long period of years. However, with such treatment the 
seed coats become very firm, and there usually follows a retardation 
-in germination as a result of the inability of the seeds to absorb water 
rapidly enough to bring about the necessary physical and chemical 
transformations for the earlier stages of germination. 

(18) Seeds that are to be sent to countries having moist climates 
should be put up in air-tight packages. Experiments have shown 
that by the judicious use of bottles and paraflined packages seeds can 
be preserved practically as well in one climate as in another. 

(19) It is of the utmost importance that the seeds be dry before 
being sealed in bottles or paraflined packages. A drying of ten days 
at a temperature of from 30° to 35° C. (86° to 95° F.) will usually be 
sufficient. However, a better method to follow is to dry until no 
more moisture is given off at a temperature equivalent to the maxi- 
mum of the region in which the seeds are to be distributed. If this 
is not done, the subsequent increase in temperature will liberate an 
additional quantity of moisture, which being confined in the package 
will leave the seeds in a humid atmosphere and a rapid deterioration 
in vitality will follow. 

(20) Experiments in storing seeds in open and sealed bottles and in 
packages with definite quantities of moisture and at various known 
temperatures have shown a very close relationship between the loss in 
vitality and the increase in water content, the deterioration likewise 
increasing with the temperature. 

(21) Of a series of experiments the average loss in vitality of seeds 
kept in envelopes in a ‘dry room” was 21.19 per cent, *‘ trade condi- 
tions” 36.63 per cent, ‘‘ basement” 42.28 per cent, while the loss in 
the case of seeds stored in bottles was only 8.08, 3.92, and 4.51 per 
cent, respectively. (See Table XXYV.) 

(22) Seeds under ordinary conditions of storage respire quite freely, 
and respiration is much more rapid if much moisture is present. 
Within certain limits respiration is directly proportional to the amount 
of moisture present in the seed and inversely proportional to the 
duration of vitality. 

(23) Respiration is not necessary to the life of seeds, as they can be 
kept in conditions unfavorable for respiratory activity and still retain 
their vitality even better than under normal conditions of storage. 
Even though respiration be entirely prevented seeds will continue to 
deteriorate, and sooner or later lose their vitality. 
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(24) The continued deterioration in the vitality of a seed after res- 
piration has ceased indicates a chemical activity within the cells, giving 
rise to a transformation of energy which sooner or later leads to the 
death of the seed. | 

(25) Respiration is almost as active in the dark as in the light, pro- 
vided that the temperature and humidity remain the same. 

(26) Ferments and seeds lose all power of activity under similar 
conditions of moisture, and the former are undoubtedly of the utmost 
importance in metabolic activity, but the evidence at hand goes to. 
show that the life of a seed is not dependent on the preservation of 
the particular ferment involved or on the zymogenic substances giving 
rise to the enzyme. 

(27) The life of a seed is undoubtedly dependent on many factors, 
but the one important factor governing the longevity of good seed is 
dryness. 
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LETTER OF TRANSMITTAL. 


U.S. Department or AGRICULTURE, 
BurEAU OF PLANT INDUusTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., March 4, 1904. 
Str: I have the honor to transmit herewith a paper entitled ‘* Pas- 
ture, Meadow, and Forage Crops in Nebraska,” and respectfully recom- 
mend that it be published as Bulletin No. 59 of the series of this Bureau. 
This paper was prepared by Mr. T. L. Lyon, Agriculturist of the 
Nebraska Experiment Station, and Mr. A. S. Hitchcock, Assistant 


Agrostologist, in Charge of Cooperative Experiments, Grass and 


Forage Plant Investigations, and has been submitted by the Agros- 
tologist with a view to publication. 

The illustrations, consisting of six half-tone plates and eight text 
figures, are necessary to a full understanding of the text. 

Respectfully, 
B. T. GaLLoway, 
Chief of Bureau. 
Hon. JAMES WiLson, 
Secretary of Agriculture. 
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PREFACE. 


During the past few years a large number of tests of grasses and 
forage plants have been made by the Nebraska Agricultural Experi- 
ment Station in cooperation with the United States Department of 
Agriculture. The Department has furnished a part of the seeds for 
these tests, and has from time to time, at the request of the director 
of the station, made suggestions regarding the nature and plans of the 
work to be done. At the request of Prof. T. L. Lyon, Associate 
Director of the Station, Prof. A. S. Hitchcock, of this Office, visited 
the station during the past winter and prepared the following bulletin 
from notes made by the officers of the station. It is a matter of 
gratification that these notes were in such form as to render the task 
comparatively easy. 

The present paper contains the results of the cooperative experi- 
ments and also some general information upon the forage conditions 
of Nebraska, in the preparation of which Professor Hitchcock has 
been in constant consultation with Professor Lyon. 

The results of these experiments are of interest to many of the 
surrounding States having similar climatic conditions and in which 
many of the same forage plants are grown. 

W. J. SPILLMAN, 
Agrostologist. 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., February 27, 1904. 
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PASTURE, MEADOW, AND FORAGE CROPS IN NEBRASKA, 


INTRODUCTION. 


The value of the hay and forage crop of the United States may best 
be presented by reciting a few facts taken from the agricultural statis- 


Fic. 1.—Localities in Nebraska where prairie hay is grown. Each dot represents 2,000 acres. 
tics given in the Report of the Twelfth Census, where it is shown that 
in 1899, out of a total valuation for all crops of $2,910,138,663, the 
value of the hay and forage crop was $484,256,846, or 16.6 per cent. 


Fig. 2.—Localities in Nebraska where millet is grown, Each dot represents 100 acres. 


The value of this crop is greater than that of any other, with the single 
exception of corn, which had a valuation that year of $828,258,326. 
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10 FORAGE CROPS IN NEBRASKA, 


From the same source it is learned that out of a total valuetion of 
$92,056,580 for all crops grown in Nebraska in 1899, the forage crop 
was worth $11,230,901, or 12.2 per cent. 


Tasie |.—NStatistics for Nebraska of hay and forage crops for 1899, taken from the Report 
of the Twelfth Census. 


Total acreage devoted to hay and forage crops................-------- 2, 823, 652 
Total acreage devoted to all crops......- Sea wag It edb el paeano ee 15, 153, 956 
Total acreage of imnroved letid.. 2.2: 66 ecole ee eee ee ee 18, 432, 595 
Per cent of acreage of forage crops to that of all crops.........-.-..--- 18.6 
Per cent of acreage of forage crops to that of improved land........-..- 15.3 
Value of all cwone seco. os San one Soo Ota bennndete lente eee $92. 056, 580 
Value of fo¥anze crops 22: 2.02... Sei in OS eS eee $11, 230, 901 
Per cent of value of forage crops to that of all crops...........--.-/.-- 12.2 
Average yalnue per acre of all crope. . «2... 5. ecw gun ons be wee ee cee $6. 07 
Average value per acre of forage crops «so. - 2s - ow bowete lence cee $3. 98 
Tons of forage crops (excluding cornstalks) ...........--------------- 3, 502, 380 
A-vorage value pof:ton 3. 2e0 sc Ee eee. gee eee Oe oy $3. 19 


Fia. 3.—Localities in Nebraska where alfalfa is grown. Each dot represents 100 acres. 


During the year mentioned Nebraska produced 2.3 per cent of the 
total valuation of the forage crop of the United States, ranking thir- 
teenth in this respect. New York was first, with 11.4 per cent. The 
records show that during the last three decades the average yield per 
acre in Nebraska has decreased, while that of the entire United States 
has increased: 


ro i United 
Year. Nebraska. States. 


Tons. Tons 
AB9O-. chek fe 5 occ asin nas See ec dant wot ene ae eee ecco eee dye 1.4 
ORD 4 5. cap Mattie Sak Weis Sere on DIRE aww ic os ick ts bead aes Tt ae ee 1.8 Lee 
ESY 1: RS ERE Ep one See oe 1) aa a ee ae OO ier eee © 1.5 Las 


In 1880 Nebraska was eighteenth among the States in the per cent 
of the total acreage that was devoted to forage crops, the percentage 
being 1.7. In 1890 and 1900 it stood ninth, with a percentage of 4.6 
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In tonnage the figures are much the same, Nebraska ranking in 1860 
as the thirty-second State in the Union, with only 0.1 per cent of the 
total; in 1870, twenty-third, with 0.6 per cent; 1880, fifteenth, with 
2.2 per cent; 1890, ninth, with 4.7 per cent; 1900, ninth, with 4.4 per 
cent. 


Fig. 4.—Localities in Nebraska where clover is grown: E ach dot represents 100 acres. 


Equally interesting are the figures showing the acreage, tonnage, 
and yield of the various forage crops in 1899, as classified in the census 
report, as follows: 


Rank of ae . ‘ Average 
Crop. State. Acreage. | Tonnage. |y pel a 
| Pee | * 
Tons. 

PEPIEMIRMIRIEU fs cE ooo Od yo ob ows cee aes nee ahaa eee 1 2,248,927 | 2,416, 468 A oh | 
EE to a oS ee ee eer eee ae yas fora «hn. 2 191, 347 357, 356 1.9 
RMPRT RR ea Ee Std Milan aco dlale oS nomen een oee ewes 6 115, 142 275, 334 2.4 
LRA of ee ee eee ec bene ee Sack tS 15 42, 447 72, 747 iy 
SSPE MECENORON =o aos ee & tore eS es bane 27 92, 895 143, 109 1.5 
IAN TeRTRINES Ope OSE Oe we dra s oe a Base oleae pc wee oles see ee 9 90, 828 183, 097 2.0 


) 


For comparison the following table is given of the acreage of the 
leading States for the above crops: 


Crop. State. Acreage. 
I cir iain oe ae ws omc Sola poh asm une A ine me els Re ob ae oe Kianags oc: eens 349, 906 
SRNR oS ernie a Gaba rae 2 wade oe oie oud ous a ete CE eee ons Colorado =. --3..- 455, 237 
lp Si eee oe: wat ecw anes be Sa eh bes ask Uae eee ae es ae Indiana). s2.5- 776, 810 
Other tame grasses......... Pal SR a a > Tl New. York - 2e5;- 4, 758, 523 
IPOS dha ocak neem bee cates oan Paole nae aa e le aa te rence «= * Kansaie* 232. -2- a 1, 041, 447 


In this classification the term ‘‘other tame grasses” includes in 
Nebraska chiefly timothy (also timothy and clover mixed) and brome- 
grass, and some bluegrass. Forage refers to sorghum, Kafir corn, 
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and corn that was cut green for forage. It does not, however, include 
corn that was cut and allowed to ripen in the shock, or what is usually 
known as corn fodder. 

lt appears that Nebraska also produced 8,156 bushels of clover seed, 
valued at $87,332, and 41,816 bushels of other grass seed, valued at 
$32,450. 


Fic. 5.—Loealities in Nebraska where tame grasses are grown. Each dot represents 100 acres. 


The accompanying maps (figs. 1-6) show graphically the distribution 
of the chief forage crops of Nebraska by counties. The distribution 1s 
based upon the tables givenabove. Each large dot represents 100 acres, 
except in the map illustrating the acreage of prairie hay, where each 
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Fic. 6.—Localities in Nebraska where coarse forage is grown. Each dot represents 100 acres, 


dot represents 2,000 acres. From 50 to 149 acres would be represented 
by one dot; 150 to 249 acres by two dots. Each small dot represents 
10 acres and is used for acreages from 5 to 49. On the alfalfa map 
the dots in certain western counties are congregated in the vicinity of 
the Platte and Republican rivers, although the figures given in the 
tables do not indicate the distribution within the counties. 
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CLIMATIC AND SOIL CONDITIONS OF NEBRASKA. 
RAINFALL. 


For details concerning the rainfall the reader is referred to Bulletin 
No. 45 of the Nebraska Station, ‘*The Rainfall of Nebraska,” by 
G. D. Swezey and George A. Loveland. Since the amount and dis- 
tribution of the rainfall is one of the most important factors in deter- 

mining the agricultural possibilities of a country, it is well to 
summarize here the chief points as indicated in that bulletin. 

The annual rainfall decreases from 34 inches in the extreme south- 
east to 13 inches in the extreme southwest. However, the average 
rainfall does not tell the whole story. Much depends Gon the distri- 
bution of rain through the year, and especially during the growing 
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ie 7.—Normal annual rainfall for Nebraska, in inches, 


season. The average rainfall for the entire State is 23.33 inches, of 
which 16.08 inches, or 69 per cent, falls in the five months from April 
to August, inclusive. 


TaBLE IIl.—Average monthly precipitation for Nebraska. 


Month. Precipi- Month Precipi- 


tation. 7 re tation. | Month. tet. 
Inches. Inches. | Inches. 
REY ete ce wo wink = OS66 Il MSY oaks swage eas 3. 62 | September... i... sewa 2 1.84 
a eee aha ft PURO 5, svanwene teams Ss OP OGLODER, 22. pce edacon 1.49 
oC Salis ee eae 116 VW FOLY*. 5. ug sew en ete 3.61 || November............ .68 
ee? 5 hrs <>: | 2.40 ! August ..... “epee 2.62 || December ........---- .69 


An examination of the table and of the accompanying charts (figs. 
Tand 8) shows that it is only in the eastern tier of counties, lying 
approximately within the region receiving as much as 30 inches average 
rainfall, that the common eastern meadow and pasture grasses, such as 
timothy, red clover, redtop, and Kentucky bluegrass, will thrive with 
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a fair degree of certainty. The next region, included between 27 and 
30 inches, is one in which these grasses may do well in favorable locali- 
ties, but are more or less uncertain, and are quite sure to fail in dry 
seasons. On account of the lower summer temperature, these grasses 
may extend farther west in the northern part of the State than in the 
southern portion. For this belt, orchard grass and meadow fescue are 
more likely to be suecessful than timothy and clover, while brome-grass 
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Fic. 8.—Normal rainfall in Nebraska during the growing season, April to September, in inches. 
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is the only satisfactory cultivated pasture grass west of this. Even 
brome-grass fails in the extreme west. 


TEMPERATURE. 


_rof. George A. Loveland, director of the Nebraska section of the 
Weather Bureau, has furnished the normal monthly temperature for 
several stations distributed over the State, which data are incorporated 
in the following charts. Besides these are given the normal annual 
temperature for the same stations, the average yearly minimum and 
the lowest recorded temperature for each station. 


- 
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TEMPERATURE. 1 


Tasie IIL.—Normal monthly temperature, normal annual temperature, average minimum 
and absolute minimum for several stations in. Nebraska, 


| Normal monthly temperature, ls = 8 
i | my | | Te Be ae 
S »| Soe lees 
Town, County, ae a | § | ' 5 iB 8 AS A 
SIH Sie ela lS) Pialrslei sig | oe [2> 
Slelalalalelei2js|8l2lale |< ke 
| i Sr ae [es osd bs 
i i a | Lancaster ..../21. 3/28. 5/86. 651.7 61. 8/70 976 3/74. 7\66. 4/55. 0/38, 7/29. 4 50. 6 —16. 4) —29 
TL hs 1 ae os | Nemaha...... sce! eid aed ha 1 63. 171. 9177. 0175, 5/67 2 56. 5.39, 8129. 6 62.0, —18, 2!--35 
MEAS, cares, ods gto PLLITAO soca she 21, 1\23. 5/35. 6/52. 3:61. 1/70. 4\75. 7|73. 3/65, 8\54. 0:37. 6/27. 6/49. 8 —15. 8| —32 
PANS EREUOED) alata oc «wie TREVOR sucess 23. 825. 7/37. 2\53. 9.62. 4/71. 7/76 6/74. 5 66. 504, 4.38. 430.0 50.5 — 16.7 34 
MET VErO ...<i.cu0. AUG ream Roce wa 24, 4:22, 434 751.160. 9)70. 475.5 78, 8/64. 9/52. 5/35. 6/27, 049.5 18. 2)- +] 
Beaver City ....... PAILS Saka. id (28, 926. 638. 851. 6/62. 8:71. 0/76. 2\75. 3/66. 9/54, 639. 631.152, 1 -19, 0) —35 
Imperial .......... SURO ays <0 ‘7, 226. 3.36. 2,49. 8.60. 0.70. alzs, sl74. 6165. 1/51 7/37 02s. 6\50. 3, —21. 2|—35 
North Platte ...... EIRCOM «.-.-. 20, 0/25. 3'35. 1/48. 6/58. 2167. 9 73. 571. 4/62. 4/49. 8 3D, 2\27. 147.9 —19, 6 —35 
MeyOUnee. 2... 5% Bumalo. wc 24, 4'22. 9\34. 7/50. 9/59. 6 69. 0/74. 4/73. 0/64. 752. 3/36. 0/28. 5.49.2 —19. 4 —38 
Genoa Meee. eee 2a. Nance: 5.0... 19,1122. 033.249.8160. 369.975.273.264 0.50. Ry 1/24. 4148.0 20.2 35 
David City........ Butler ........ 21. 4/20. 8:31. 850. 0/58. 9.69. 1/73. 7,70. 9/63. 0.50. 6 33. 9 26.147.5 ...... —80 
Hremont ~..220 2. DoOgPre scene ae 18. 5)21 0/34. 0 50. 0.270 5/75. 372. 664.5 52, 6/35. 625.0 48. > —20. 9 —31 
ReReRRIRE SS 8 ao cae Douglas ...... 119. 2/25. 0/35. bi Saige o| saris ee ets Ce ght ald a pte ing ei -15. 2;—26 
SUMMILOM co. se ee Stanton....... 20. 819. 5/32. a 7/60. oh nS igg hha gts 4 9 23. 6/41. 5)- 20.4 —33 
07, 0c 5 Fo thir Antelope ..... 18. 9)19. 2/81. 1/49 6/59. 0/68. 8/73. rs bre 5/49. 832.7 25, 3.46. 922.9 —40 
SEISENGZUY, (LOWE)! [55.2 ices tec sss 16. 3/19. 0/31. 6|50. 6/58. 4/70. 3/74. 3/71. 6/65. 2)51. 0/34. 3/27. 8\47.6)......).... 
Santee ............ LACS ache RMS 18, 3l18. 432. 349.092.071.676.4174.8 ale. 6/52. 1/34. 121.9 47. 9| 21.3 —33 
Se cos a rs 12 6) I ee Ay ee 20. 7|19. 8/31. 1/48. 3 3158, 9/67. 8/73. 371. oles. 4:50. 9133.5 24.9 47. 0|--24. 0 —33 
Valentine......... CHELry, - =. 16 9:21. 5/31. 2/47. aba 370.3 3i61. 6 49. 2:34. 3/27. 2 46. 3) 23. 1| —37 
oO ae _ Kimball...... 26 923 9/33. 1/46. : 5 ay 6/61. 0/48. 6 36, 2/28. 5/47. 5|— 20.3 —30 
Fort Robinson oe DEES See es 23. 3/22. 5/33. 2/47. x at ne 9/72. ree 5 2/49. i 5. 208,247. 1|—28.8 —37 
PHYSIOGRAPHY. 


Nebraska lies in the central portion of the Great Plains region, and 
extends from the Missouri River to the foothills of the Rocky Moun- 
tains, 104° west longitude, and between the fortieth and forty-third 
parallels of latitude. The area is 76,794 square miles. 

As to general topography, the State is little diversified, consisting 
for the most part of undulating prairies. The extreme eastern portion 
of the State along the Missouri River is forested, or was covered with 
forest before the timber was removed. These forests extended west 
along the rivers, the trees becoming fewer in number and species until 
they finally disappeared about halfway across the State. The prairies 
are covered with herbaceous vegetation, a large proportion of which 
consists of various species of nutritious grasses, which will be discussed 
briefly in another paragraph. 

The altitude varies from a little less than 1,000 feet in the south- 
eastern part to about 5,000 feet in the western portion of the State. 

For a-discussion of the botanical areas of the State and their relation 
to climatic and soil condition, the reader is referred to various articles 

by Dr. C. E. Bessey, in the reports of the Nebraska State Board of 
Agriculture, and more particularly to the Phytogeography of Nebraska 
by Pound and Clements. 
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SOIL. 


A full discussion of the soils of Nebraska is given in the report of 
the geologist, EK. H. Barbour, in the Annual Report of the State Board 
of Agriculture for 1894, page 61. It may be remarked that the basis 
of the agricultural soils of Nebraska is silt rather than clay, such as is 
found in the Eastern States. The State is divided into five soil regions, 
two of which—the Bad Lands and the Western Region—are in the 
extreme western portion of the State, and do not lie in what is now a 
crop district. The other three are the Drift, Loess, and Sand Hill 
regions. From the crop standpoint the first is the most important, 
as it lies in the region of greatest rainfall. The Drift is of glacial 
origin, and is agriculturally a rich soil. The Loess, or wind drift, is 
a deposit covering all the southern portion of the State, and is 
also a rich soil. The Sand Hills, which comprise the northern por- 
tion of the State north of the Platte and extend from Holt to 
Deuel counties, are less adapted to crops, but locally, where the con- 
ditions of moisture are favorable, results show that the agricultural 
possibilities are considerable. 

In general, it may be said that the soils of Nebraska are highly 
favorable for the production of crops and the product is limited chiefly 
by rainfall and to a less extent by temperature. In many parts of the 
State there are small areas of soil, known as gumbo, which are poorly 
suited to crops, being too alkaline or too poorly drained. But such 
areas are relatively very insignificant. 


CROPS. 


East of the one hundredth meridian the rainfall is usually sufficient 
for the cultivation of crops without irrigation. This meridian is 
approximately that precipitation line for the annual rainfall of 20 
inches. West of this, crops of some kinds are uncertain under the 
present methods of farming, although winter wheat and such drought- 
resistant plants as sorghum and Kafir corn are grown. The climate 
here is characterized by being very hot in summer and very cold in 
winter. The snowfall is usually slight. It is in this region that 
irrigation has reached its greatest development, although it is practiced 
occasionally in the eastern portion of the State to supplement the 
rainfall. 


CROPS, 17 


The following tables, taken from the Twelfth Census report, give 
the available statistics for irrigation in Nebraska: 
Taste LV.—Number of acres irrigated, hy counties, 1899. 


| 


County. Acres. County. Acres. County. | Acres. 
! 
PUEMEMIEGT a oh wed wule'Sw nc cody by Ooo all! ERO GGae pamer thas sde'os 2 O18 1 SCOtte Bit rcéc cdo cses 29, 244 
THIGVONMNE) 6... cass ces EE oS |" MuGUOLe sia wate Sd wax wid LZ GAR A). BLOWS in bet u, oe ee te 1, 433 
ee ee U2 el MLE Dats 6 caves cane t 4, 225 All other counties. . 10, 083 
iT 
Aaa s Sac dx web aes BO Vee i ekaGOU, Pecan aes 5 ie 22, 50! n 
Dawson 0,097 || Lincoln 2, DOS otal: fe... 148, 538 
ooo Dl ea Eee a 11, 794 | PIBUUGH Sth: fee sie Sa 1, 488 
BARE bites cb = canals» 6 pba Redwillow ...:....... 1, 642 | 


TABLE V.—Acreage of crops produced on irrigated land, 1899. 


Crop. Acres, Crop. | Acres. || Crop. Acres. 
—s a a te eee SS | ee Ne - a 
Opn: Sak. tsa ok | 38, 078 || Alfalfa or lucern. ..... ety aes AP / Sweet potatoes ....... 5 
\ LS SE See ee 14145 “Hi Clover 2...u 5% =. s0bn = 2,25 AT ODIONS .. 5. ce keaeee 68 
“CS Te ee ee ores / 5,090 | Other tame and ecul- || Miscellaneous vege- 
Be a A 940 || tivated grasses ..... 206"; tables 52.50 eee 651 
ee Se Re 741 | Grains cut green for 1. Dity- Pease’ 4. castes used 2 
Buckwheat............ 10 DAVendiss cute et pease S02 || GTEPCS. se. s-enawaens 7 
Prairie grasses......-..- | 47,890 || Forage crops ......... 417 || Orchard fruits... ... 1, 234 
Millet and Hungarian | i} Dry heansg! 2.0 3.062.. / 126 || Small fruits .......... 64 
BTASSES .............. | 868 || Potatoes............+. 1,075 | : 


~ Most of the irrigation is along the Platte River, from Dawson County 

to the western border of the State, and is maintained by ditches from 
the rivers. A few acres are irrigated by windmills and wells (843 
acres in 1899). 

It follows that in the western portion of the State, aside from the 
comparatively insignificant irrigated areas, the principal industry is 
stock raising. The herds are allowed to graze all summer and a con- 
siderable portion of the winter upon the open grassy plains or range. 
The wandering of the herds is usually limited principally by access to ° 
water. ; 

Stock raising is also an important industry in the eastern portion of 
the State, but the amount of open range is becoming much reduced. 
On the other hand, on account of the greater rainfall and other condi- 
tions favorable for growing forage crops, the same area will support 
more stock than in the western portion. 

The principal field crops grown in Nebraska, arranged according to 
their value, are corn, wheat, oats, hay and forage, potatoes, and vege- 
tables. 
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The following table gives the acreage and value of these crops for 
LSU: 


TABLE VI, — Acreage and value of crops for 1S99, 
{ 
2 | 
Crop. Acreage, Value. 7 
OORT, .. cuca cwacbalscka canned ogie dns gu us ce bed ses danced eee 7,335, 187 | $51, 251, 213 
Wheat .ciccnnacede anes snctare ns Gane dohde ese cabe ae ies a eee Bee .--| 2,538,949 | 11,877,347 
OBIT. oo cow wnedada's wade’ sce eae Wa tee aie de wel mada te etait oe a tls Sek See 1,924,827 | 11,333,393 
Hay a0 1OraSO ois os cbs ccs conde dined caen ds pee wabaltaaen anak ashes Dee 2, $23, 652 11, 230, 901 4 
Se ee ne eS MA A A tata tedlincs 2 | 79,901 | 1,784,666 | 
; 


Vegetables . os singed s feiss one Sie wh mana ey coer ee ete on ne ceeds ioe eae eee 34, O44 1, 383, 470 
Of lesser importance are rye, barley, fruit, sugar beets, and broom 
corn. | 
CLASSIFICATION OF FORAGE PLANTS. 


Forage plants may be classified, according to duration, into peren- 
nials and annuals; according to kind, into grasses, legumes, and» mis- 
cellaneous; according to use, into pasture, meadow, soiling, and silage — 
plants. 


DURATION. 


vrennials.—This group includes those plants which live more than — 
one year. The forage plants under consideration are all herbs, of — 
which most of the portion above ground dies during winter, but — 
the roots live and throw up new shoots the following spring. For 
most purposes it is manifestly an advantage that a crop should yield. 
returns year after year without the expense of reseeding. On the - 
other hand, the actual yield of forage the first season is almost always 
less with a perennial than with an annual, and furthermore, a per- 
ennial may not lend itself to the most desirable rotation. The impor- 
tant perennial forage crops of Nebraska are alfalfa, clover, brome- 
grass, timothy, and bluegrass. Some of these, such as timothy and 
clover, are known as short-lived perennials; that is, as a crop they 
tend to disappear in two or three years to such an extent that they 
need reseeding. This is also true of such grasses as Italian rye-grass. 
Annuals.—These are plants which reach their maturity during the 
season that they are planted and then die. Common examples of this 
group are the grains, corn, sorghum, millet, cowpea, soy bean, and 
rape. Where land is valuable and it is necessary to grow a maximum 
. crop upon a given area, annuals are more profitable as forage crops 
than perennials; or when it is desired to produce a crop at a given — 
season of the year, such as early or late pasture of rye, a succession of | 
succulent forage for dairy cattle, or a catch crop to utilize the land, 
annuals are invariably used. 4 
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Some plants, which are normally annuals, are sown in the autumn, 
and after making a growth of foliage that season, lie more or less 
dormant during the winter and resume growth the following spring, 
reaching maturity in the early summer. This is true of rye, some 
varieties of wheat, and some of the grasses. The severity of the 
winter determines in many cases whether plants may be used in this 
way. Many crops that are spring sown in the Northern States are 
fall sown in the South. Furthermore, some plants can be made to 
live for an abnormally long period by frequent. mowing, thus pre- 
venting the production of seed. 


NATURAL GROUPS. 


Lequmes.— This important group of plants includes the clovers, 
alfalfa, the cowpea, soy bean, the vetches, the garden beans and peas, 
and all similar plants, and it derives its importance from the fact-that 
both the seeds and the foliage are richer in nitrogen than other forage 
plants. Since the proteids, or nitrogen-containing materials, are the 
most expensive portion of feeding rations, the growing of legumes for 
forage has long been recognized as an important factor in the economy 
of agriculture. But furthermore, as is well known, the legumes have 
the power, not possessed by other forage plants, of utilizing the free 
nitrogen of the air by means of the nodules on their roots. (See PI. IL.) 
When legumes are turned under as green manure, or even if the tops are 
removed by mowing and the roots allowed to remain in the soil, the 
nitrogen content of the latter is increased. Since nitrogen is a very 
essential plant food, and is one of the first to be exhausted in soils upon 
which crops are grown, and since this element is the most expensive 
to add in the form of fertilizer, the importance of growing legumes in 
rotation with other crops for the purpose of renovating the soil is quite 
evident. These facts emphasize the necessity of adopting a system of 
agriculture for a given region which shall include the growing of 
suitable crops of legumes in the rotation, thus utilizing the crop as for- 
age and at the same time keeping up the fertility of the soil. The 
leguminous forage crops adapted to Nebraska are alfalfa and red clover, 
which are perennials, the latter usually short lived, and cowpeas and 
soy beans, which are annuals. In addition to these, white clover and 
alsike clover are occasionally used. 

Grasses.—The great bulk of the forage plants, not included in the 
above groupof legumes, belongs to the natural group of plants known 
as grasses, which includes besides the common meadow and pasture 
grasses, both wild and cultivated, such plants as the grains or cereals, 
sorghum, millet, and the sugar cane of the South. The grasses do not 
have the power of adding nitrogen to the soil after the manner of the 
legumes. Most of our native grasses are perennials, as are also our 
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cultivated pasture and meadow grasses, such as brome-grass, orchard 
grass, meadow fescue, and timothy, though the latter is short lived. 

Miscellaneous. — Aside from the two large groups mentioned above 
there are a few forage plants which bear no close natural relation to 
these and are most conveniently considered under this heading. The 
only important plant of this category that is adapted to Nebraska con- 
ditionsisrape. Australian saltbush belongs here and has received some 
attention, but as yet it has not shown itself to be of particular value 
in that State. 


METHODS OF UTILIZING THE CROPS. 


Pastures.—In general the term pasture may be applied to all cases 
where stock is allowed to feed directly upon the growing plants. 
Where the area is unfenced and consists of native vegetation it is 
called open range, or simply range. In some parts of the United 
States, especially the Southern States, the range consists of forest, — 
but in Nebraska the range is the unfenced portion of the Great Plains 
region, the vegetation consisting of native grasses. The subject of 
the range will be considered in another part of this bulletin. 

In the ordinary and popular sense pasture refers to fenced areas of 
native or cultivated perennial forage crops upon which stock feeds 
at will. All the perennial forage plants are used for this purpose, 
although alfalfa and clover must be used with caution in order to 
prevent bloating. 

Another important class of pastures, especially where land is rela- 
tively valuable and a more intensive system of agriculture is employed, 
is that of temporary or annual pastures. 

In winter-wheat regions it is a common practice to pasture the grain 
during favorable portions of the fall and winter. In this case the 
pasturing is incidental. On the other hand it isanot uncommon prac- _ 
tice to sow wheat or, more frequently, rye in the fall for pasture pur- 
poses alone, a crop of grain, if secured at all, being secondary. Tem- 
porary pastures are used for two purposes. (1) To extend the pas- 
ture season over a greater portion of the year than can be done with 
ordinary permanent pasture. For this purpose wheat or rye give early 
and late pasture, and certain summer annuals can be used to supple- 
ment the permanent pastures during the dry summer season, which — 
usually occurs in July or August. (2) By successive sowing of the 
proper plants succulent feed may be provided through the season so as to 
yield a maximum crop from each area. This is particularly applicable 
to dairy districts. It is often convenient and economical in growing 
a succession of succulent crops to cut the green feed and supply the 
_ stock either in the permanent pasture or in the stalls or yards, as will 
be referred to under soiling. The proper rotation of such annua 
pasture for Nebraska will be discussed in a separate paragraph. | 
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The plants which can be used to advantage in Nebraska for tem. 
porary pasture are the grains as mentioned above, rape, cowpea, and 
soy bean. The various kinds of sorghum, especially the ordinary 
sugar sorghum or cane, are used in Texas and northward for this pur- 
pose. In the southern portion of this area sorghum can usually be 
used for pasture with impunity, but in Nebraska its use in this way 
is attended with some risk from poisoning. An account of this sub- 
ject will be found in Bulletin No. 77, Nebraska Experiment Station. 

Meadows.—The term meadow is applied to land where the crop is cut 
for hay, whether fenced or unfenced. When the hay is cut from native 
grass land, the land is called a wild meadow. As shown by the statistics 
in the first part of this bulletin, the wild meadow land of Nebraska 
amounts to over 2,000,000 acres and produces about 2,500,000 tons of 
hay. Nebraska leads all States in the acreage of its wild meadows. 
The grasses composing this wild hay will be discussed in another para- 
graph devoted to the native grasses. 

The tame meadows consist in that State of alfalfa, timothy, clover, 
and brome-grass. Orchard grass and meadow fescue are used to a 
limited extent and their wider use is to be recommended. 

Some annual plants are widely used for hay, such as millet, sorghum, 
Kafir corn, and corn. For this purpose the last three are sown thickly 
in order to produce a Jarge number of small stalks. 

These coarse plants are often grown in rows and cultivated, the 
nearly mature stalks being cut by hand or with a corn binder and 
shocked, when the dried material is called fodder rather than hay. In 
a general sense, however, it is hay and contributes no inconsiderable 
amount to the sum total of dry, rough feed. The same remarks are — 
true of the corn fodder which results after the ears have been removed, 
although such fodder if it is gathered at the time most favorable for 
grain production from necessity is relatively poorer in nutrient material 
than that cut earlier. Ordinary corn fodder has about the same feed- 
ing value as oat straw. When corn is husked in the field the remain- 
ing stalks are usually utilized by turning stock upon them. Aside 
from the waste grain recovered such stalks have very little nutriment. 

In the Southern States the cowpeas and soy beans are widely used 
for hay, but in Nebraska they have not been used for this purpose, for 
which they are not so well adapted as other hay plants. 

Soiling crops.—The feeding of cut green forage to stock in the stall, 
yard, or pasture is known as soiling. The advantage of soiling is the 
saving of fodder when compared with pasturing upon the same field, as 
in the latter case there is some loss from trampling. This is especially 
true of the coarse fodders, such as corn and sorghum. Other adyvan- 
tages of minor importance are that by soiling the rations of animals 
may be more definitely controlled, that fodder may be taken from 
fields a part of which is to be used for other purposes, and that this 
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method avoids the necessity in pasturing the fields of subdividing them 
by erecting permanent or temporary fences, The great disadvantage 
of ‘soiling is the extra expense of the labor necessary in cutting, haul- 
ing, and feeding the green forage. For this reason it is not practicable 
to utilize forage in this way on any large scale except in intensive farm- 
ing, more particularly dairy farming in Nebraska. On a small scale 
almost every farmer cuts in early summer green grain, especially oats 
or rye, to feed to hogs or cattle. Later in the summer corn is cut and 
fed in the same manner, supplementing the pastures, which usually 
develop a shortage in August. The sum total of forage used in this | 
way in Nebraska is not inconsiderable, yet in most cases it is incidental 
and the crops are not sown primarily for soiling purposes; neitheris 
the soiling usually a definite part of the system of agriculture. 

In dairy farming it may be advantageous to adopt soiling as a 
definite system in order to obtain a maximum yield of succulent 
forage from a small area. For this purpose it is best to plan a series 
of jcrops which will form a succession through the growing season. 
The individual crops depend upon the locality and must be chosen to 
suit conditions. Near large cities, where land is valuable, it often pays 
to have such a succession which, combined with silage during the 
winter, will give green feed the entire year. Usually, however, at 
least in Nebraska, soiling is resorted to only to fill in the gaps ofa — 
succulent pasture series, even in dairy farming. For example, early 
and late green feed may be produced by a pasture of rye. A proper 
sowing of oats or rye may then furnish soiling in connection with 
orass pasture. If there is sufficient area of pasture this may furnish 
all the feed necessary during May and June, but such pasture usually 
shows a marked falling off about the Ist of July, as is indicated by 
the shrinkage in the milk flow. This shrinkage should by all means 
be avoided, and it is therefore desirable to furnish at this time soiling 
crops for the rest of the summer in connection with the pasture. 
Besides the small grains and corn mentioned, there are several other 
plants that can be used for soiling, particularly sorghum, Kafir corn, 
cowpeas, soy beans, and rape. The latter is not so well adapted to 
milch cows, as there is danger of tainting the milk. Alfalfa and 
clover can be used, but in Nebraska they have no special adaptation for 
this purpose. Rape is an excellent soiling crop for hogs, sheep, or 
growing cattle during the autumn. For further information on this — 
subject the reader is referred to the article in the Yearbook of the — 
United States Department of Agriculture for 1899, page 613, entitled — 

‘Succulent forage for the farm and dairy,” by Thomas A. Williams. — 
— Stlage.—Forage preserved ina green state in such a manner as to 
prevent decomposition or drying is called silage. The pits, rooms, or 
tanks in which the forage is preserved are known as silos. The 
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advantage of silage is that the benefits derived from feeding succulent 
forage may be continued through the winter. As in the case of soil- 
ing crops, silage is used chiefly in connection with dairy farming. By 
far the best crop for the silo, where that crop can be raised, is green 
corn. As it is not the purpose of this bulletin to deal particularly 
with this subject, the reader is referred for further information to 
Farmers’ Bulletin No. 382 of the United States Department of Agri- 
culture and to other publications dealing with silos and silage. 


RESULTS OF EXPERIMENTS WITH GRASSES AND FORAGE PLANTS 
AT THE NEBRASKA EXPERIMENT STATION. 


GRASSES AND FORAGE PLANTS WHICH HAVE GIVEN SUCCESSFUL RESULTS 
OR ARE WORTHY OF FURTHER TRIAL. 


BROME-GRASS. 


An extended account of brome-grass (Lromus inermzs) will be found 
in Bulletin 61 of the Nebraska Station and also in Circular 18 of the 
Division of Agrostology, United States Department of Agriculture. 
This valuable grass has been tested over a wide area in the United 
States, but it finds its best development in the region from Kansas 
northward in the Great Plains, and west into Montana and eastern 
Washington. It gives fair results east of this region, but in the 
Eastern States is unable to compete with timothy and bluegrass. In 
the Southern States it has not given satisfactory results. 

Numerous trials of this grass have been made at the Nebraska Sta- 
tion under varying conditions, both in combination with other grasses 
and with alfalfa. In general the grass has given good results and has 
shown that it is better adapted to the conditions obtaining. in Nebraska 
than any other of the cultivated forage grasses, with the exception of 
meadow fescue and possibly orchard grass, both of which have given 
good results.e 

A plot sown in the spring of 1897 (0.136 acre) yielded June 27, 1900, 
580 pounds of hay, or at the rate of 2.32 tons per acre. On April 8, 
1901, as the grass was turning green, the east half of the plot was 
disked. During the remainder of the season there seemed to be no 
difference between the disked and undisked portions. In 1903, the 
plot yielded 1.32 tons of hay per acre on June 16. Other plots yielded 
at about the same rate. 

One plot sown in April, 1899, and giving a cutting of hay June 27, 
1900, at the rate of 3.8 tons per acre (220 pounds on 164 by 76 feet) 
was treated October 5 with 300 pounds of well-rotted horse manure, 
and the following spring with 10 pounds of sodium nitrate (Chile salt- 
peter). On account of the drought no crop of hay was obtained in 
1901, but this plot was distinctly better in appearance than untreated 
contiguous plots. June 16, 1903, the plot yielded 170 pounds of hay, 
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or 5,666 pounds per acre, while a check plot yielded at the rate of 
2,166 pounds per acre, 

One plot sown in spring of 1900 and manured in the autumn of 
L901, gave June 23, 1902, 1.66 tons of hay per acre, and June 16, 1903, 
1.7 tons, and in each case the aftermath was fine and would haye 
produced an excellent pasture. 

The plots were all greatly affected by the drought in the summer of 
L901, but recovered in the autumn and showed that although they had 
heen dried up they were unhurt. 

A sowing at the rate of 14 pounds per acre on one plot showed that 
much more seed was produced than upon plots more thickly sown. 
This plot was thoroughly disked in the spring of 1903, with the result 
that the growth the following season was not improved. 

In order to test spring and fall sowing, one plot was sown October 
5, 1900, at the rate of 25 pounds per acre, upon disked land, and 
another April 8, 1901, at the same rate and upon ground prepared in 
the same way. Although there was a good stand of grass obtained 
from fall sowing, there was no noticeable difference the following 
season between the two plots. 

In order to test the time of seeding several plots were sown broad- 
‘ast on the following dates in 1902: March 24, April 8, April 21, May 
7, May 19, August 7, August 19, September 15, October 1, and Octo- 
ber 21. All showed a good stand on May 1 of the following year and 
no injury from winter killing, except the last sowing, which had barely 
sprouted and was then killed by the cold. With this exception all 
yielded good crops of hay on June 23. (See Pl. III, fig. 1.) 

If the soil is in proper condition it is probable that brome-grass may 
be sown any time from April to the first of October. 

Brome-grass was sown in 1898 with bluegrass and with red clover, 
In both cases there was a good stand of brome-grass at first, but where 
combined with bluegrass the latter gradually increased in proportion 
until in 1903 it was estimated that the plot contained two-thirds 
bluegrass. 

The red clover was also able to hold its own with the brome-grass 
in those years favorable to the growth of clover, but the dry season of 
1901 nearly exterminated the clover from the plot. 

In the paragraph upon pastures it will be noted that when brome- 
grass was sown with other grasses it was usually able to crowd out its 
competitors. 


RESULTS OF COOPERATIVE EXPERIMENTS. 


The United States Department of Agriculture has distributed seed 
of brome-grass through the Nebraska Experiment Station to a number 
of farmers with the understanding that reports upon the results 
obtained would be made. These cooperative distributions were made 
between 1898 and 1902. 
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There were 170 replies received from those who have grown brome- 
grass, of which 36 reported failures. Of these failures 26 were in the 
southwestern portion of the State, from McPherson to Chase and 
Franklin counties. The reasons for failure were mostly because the 
seed did not germinate or gave a very scattering stand, but 8 failures 
were due to the depredations of grasshoppers. 

The remaining 134 replies have been summarized as follows: The 
present condition of the field of grass was reported good by 100, while 
13 stated that the condition was poor. Spring sowing was recom- 
mended by 86 and fall sowing by 22. That a stand of brome-grass is 
easier to obtain than of other grasses was stated by 48, while 42 thought 
that this was not the case. <A few had tried sowing brome-grass with 
other crops but with varied results. With alfalfa, there were 5 sue- 
cesses and 2 failures; with clover 3 successes and 2 failures. Three 
reported a successful stand when sown upon prairie sod, while 5 
failedin this. That this isa good hay grass was reported by 42, while 
17 thought not. Asa pasture grass, all except 2 reported favorably 
so far as this point was touched upon, while 42 stated that it was good 
for early and 49 for late pasture. Twenty-four stated that it was good 
for winter pasture. The drought resistance was reported good by 
538 and poor by only one. The reports of 14 farmers showed that it 
was good for sandy soil and 50 stated that it made a good sod. 


ALFALFA. 


The well-known perennial legume alfalfa (Medicago sativa, P\. 11) 
is the most valuable forage plant grown in Nebraska. Every effort 
should be made to extend the culture of this plant to all parts of the 
State. Being a legume it is highly nutritious; being a perennial it 
produces a permanent meadow; being palatable it is relished by all 
kinds of stock. Although it is valuable as a pasture plant it is not 
entirely suited to this purpose. Close pasturing is likely to kill it 
out in spots. The great value of alfalfa lies in the production of hay. 
The reader is referred to Farmers’ Bulletin No. 31, United States De- 
partment of Agriculture, for details in regard to this plant. 

It may be briefly remarked here, however, that in growing alfalfa 
the ground should be well prepared, as free as possible from weeds, 
and the seed should be sown when the soil is in favorable condition 
for germination. The seed should be sown alone at the rate of about 
20 pounds per acre, broadcast or, better, in drills. Where possible 
Nebraska-grown seed should be used, or at least seed grown under 
about the same conditions. 
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COOPERATIVE EXPERIMENTS WITH ALFALFA. 


Press Bulletin No. 16 of the Nebraska Experiment Station, entitled 
“Alfalfa Experiences,” gives the following summary of results 
obtained by growers of alfalfa in that State: | 


During the winter of 1902 a list of between 600 and 700 successful alfalfa raisers In 
this State was collected, and to each was sent a report blank calling for a definite 
stateme: t regarding a number of the processes he employed in obtaining his stand 
of alfalfa, and also regarding his subsequent care of the crop. More than 500 satis- 
factory replies were received, representing 80 counties in the State. A study of this 
large number of reports from successful alfalfa raisers gives some valuable informa- 
tion respecting alfalfa culture. 

There were 288 stands reported upon upland, and 273 upon bottom land. Even 
in the western portion of the State the amount of alfalfa on the upland is shown to 
be considerable, and very satisfactory results are evidently obtained, althongh 
naturally the yields of hay are smaller than on the bottom lands of that region. In 
the eastern part of the State somewhat heavier yields appear to be obtained from 
bottom land, but loss from winter killing or other cause is greater. Twenty-three 7 
reports state that upland is more satisfactory than bottom land. These come princi- 
pally from the eastern portion of the State or the irrigated land of the western 


portion. 
An astonishing feature of the replies is the large amount of alfalfa that they show 


to be growing on land with a clay subsoil. Sandy clay, clay loam, clay and tinea 

etc., were not counted as clay. In spite of this limitation, 245 clay or gumbo sub- 
soils are reported. A clay or even a gumbo subsoil does not appear to be a barrier 
to successful alfalfa culture. 7 

The seed bed was prepared by plowing and further working in 373 cases, and by — 
disking or cultivating in 75. Among the latter is one method that appears ‘ole 
popular and satisfactory. This consists in thoroughly disking corn land after all 
trash has been removed from the field. In the western part of the State there area 
number of good stands of alfalfa obtained by breaking prairie sod, disking it, and 
harrowing in the seed. Also by disking the unbroken sod and harrowing in the — a 
seed. The latter commends itself as an easy way of supplementing the native grasses — —_ 
in pastures. The tendency to dispense with plowing on unirrigated land increases 
with the distance westward from the Missouri. 

A study of the dates of sowing alfalfa seed in the spring shows a range from early - 
March to late June, although where advice was volunteered it was practically unani- “i 
mous in favor of early sowing. There were only 8 reports of summer or fall sowing, — 
of which 1 was sown in July, 4 in August, and 3 in September. — 

In 108 cases a nurse crop was used, while in 393 cases the alfalfa seed was sown with-— ‘ 
out that of any other crop. The use of the nurse crop was largely confined to extreme . 
eastern Nebraska and the irrigated land of the West. Many persons who used a 
nurse crop say that they would not do so again. It has been recommended to use 
a light seeding of small grain, sown earlier or with the alfalfa, to prevent damage by — 
severe winds. When sown in this way the nurse crop is mown when 8 or 10 inches | 
high, to prevent it smothering the alfalfa. “I 

In 55 cases the seed was put in with a drill, and in 447 cases it was sown broad- — 
cast. This is at least an indication that if a drill is not available a satisfactory star md 
can be obtained by broadcasting and harrowing in, provided the other conditions a1 
favorable. “f - 

There were 138 reports of less than 20 pounds of seed per acre being used, aie 
reports of 20 pounds or more being sown. The evidence seems to be in favor of t 
use of at least 20 pounds of seed per acre. 


—_— eS el ele 


EXPERIMENTS WITH ALFALFA. 27 


Of the persons replying to the inquiries, 22h have stands of alfalfa that yield more 
than 4 tons of cured hay per acre each season, while 157 do not get as much as 4 
tons of hay per acre, 

Of persons having practiced disking alfalfa in the spring or at other times, 138 report 
that beneficial results have been obtained, while 7 report that disking has been ineffec- 
tive or injurious. By disking alfalfa is meant going over it in the spring with a disk 
harrow before growth starts, or during summerimmediately after cutting for hay. It 
is customary to set the disks at a slight angle. This cuts the crown root and stirs the 
soil. Some of the correspondents prefer harrowing to disking. Where positive 
objection was made to disking, it was based on the claim that it caused the crowns 
to become diseased. The great bulk of the evidence was, however, in favor of 
disking. 

Of the persons who have manured alfalfa, either by plowing in the manure immedi- 
ately before seeding or by spreading it on the field after a stand had been obtained, 
110 obtained beneficial results, and 13 found it to be ineffective or injurious. Objee- 
tions are based on the claim that plowing in manure causes the soil to dry out, but 
objections to spreading manure on alfalfa are rather indefinite in their nature, except 
that on low land it makes the growth too rank, and the alfalfa falls down. Many 
of those who advocate its use specify that the manure should be rotted and fine. 
One man suggests harrowing after spreading, to fine it. The reports of beneficial 
results from plowing under manure come largely from the eastern portion of the 
State, but the use of fine manure applied as a top dressing has proven beneficial in 
all parts. 


ALFALFA SEED FROM DIFFERENT SOURCES, 


Turkestan alfalfa.—One plot of one-fifth acre was sown alone with 
5 pounds of seed April 8, 1901. There was a good stand and no loss 
from winter killing in 1901-2 or 1902-3, thus showing its superiority 
in respect to hardiness during the winter. On the other hand, this 
plot was injured by the wet weather in the summers of 1902 and 1903 
to a greater extent than common alfalfa. On June 12, 1903, a crop of 
hay was obtained, weighing 605 pounds (3,025 pounds per acre), and 
a second crop on July 23, weighing 500 pounds (2,500 pounds per 
acre), making 2.75 tons of hay per acre, besides fall pasturage. It 
was noted that this plot started one week earlier in the spring than the 
ordinary alfalfa, but did not continue growth so late in the autumn. 
At no time did it grow so tall as ordinary alfalfa, but the stand was 
much thicker, and there appeared to be less tendency for the crowns 
to become large and crowd out weaker plants, as is the case with 
ordinary alfalfa. As compared with the latter the leaves and espec- 
ially the stems are smaller. 

A second plot, one-tenth acre,“ drilled in rows 6 inches apart May 
24, 1898, gave a good stand, with no loss from winter killing the first 
year and yielded 215 pounds of hay (2,150 pounds per acre) on June 
17,1899. The third year the yields of hay from one-eighth acre were 


“The plots here, as in several other cases, are 66 feet by 76 feet and contiguous on 
the longer sides. If the marginal growth was greater than the central, 5 feet was 
mowed off each end, reducing the plots to 66 by 66 feet, or one-tenth of an acre, and 
thus eliminating the marginal factor. 
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as follows: June 14, 515 pounds; July 20, 590 pounds; August 20, 
305 pounds, or a total for the season of 5.64 tons per acre, 

In 1901 the yield on the one-eighth acre was: June 5, 645 pounds; 
July 19, 160 pounds; August 20, 125 pounds; a total of 3.22 tons per 
acre. In 1902 the yield on June 9 was 445 pounds; in 1903, June 11, 
475 pounds; July 23, 365 pounds; a total of 3.34 tons per acre. The 
results of this test are especially satisfactory, as showing that Turkestan 
alfalfa is well adapted to Nebraska conditions, and that in a dry season 
such as 1901 it yields larger crops than the ordinary alfalfa. 

Peruvian alfalfa.—Seed was obtained from C. Bonifiez, Peru, 
through the Division of Agrostology of the Department of Agricul- 
ture, and was sown on May 11, 1900. The stand was good and the 
growth vigorous, but the plot was badly injured each winter, till, in 
1903, there was none remaining. 

Samarkand alfalfa.—Sown May 11,1900. The stand was good and 
subsequent growth vigorous, with no loss from winter killing; but the 
erowth was not so tall as common alfalfa, or as Turkestan alfalfa. In 
1902 and 1903 crops were obtained from this plot, but the plot is too 
small for an accurate estimate of the yield to be determined. Owing 
to the small growth, it was estimated that the yields were less than 
from the ordinary or the Turkestan alfalfa. To offset the effect of 
shorter growth the stand is much thicker than that of ordinary alfalfa. 
It appears to be a strong drought-resisting plant, and if it is to have 
any value it will be on the highlands of the West. 

Seed from different States.—Alfalfa obtained from five different 
States—Arizona, California, Colorado, Kansas, and Utah—was tested. 
The plots were sown in 1898 by drilling the seed in rows 6 inches 
apart. They all grew about equally well until the winter of 1898-99, 
when the alfalfa from Arizona and California was almost entirely 
killed out. At the same time the Colorado alfalfa was injured, while 
the Utah and Kansas plants did not suffer so much as those just men- ? 
tioned, though move than the Turkestan alfalfa or that from Nebraska- 
erown seed. | 

There was no further marked loss from winter killing until the 
winter of 1902-3, when the remainder of the Arizona and California 
plants entirely disappeared, the Colorado crop suffered further injury, 
and both the Utah and Kansas alfalfa were injured to some extent. 

The conclusions to be drawn from this experiment are that it is not 
desirable to bring alfalfa seed from a southern to a more northern 
region, or from an irrigated to a nonirrigated soil. 
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OTHER EXPERIMENTS WITH ALFALFA, 


A series of experiments was carried on for the purpose of testing 
the effect of planting alfalfa in rows and the effect of a few kinds of 
fertilizers. Plot 43, drilled 24 inches apart, and plot 44, drilled 18 | 
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inches apart, were cultivated by hand, and plot 45, drilled 6 inches 
apart, was cultivated by harrowing. The results show that there is 
little difference in the yield under the different treatments, and that 
there is no advantage in planting alfalfa in rows and cultivating: it, 
at least under the conditions at the Nebraska Station. The individual 
plants tend to grow larger and the stems fall over, filling the space 
between the rows. As the larger crowns with age tend to rise above 
the soil, the mowing becomes more difficult and there is more loss of 
foliage than when the seed is sown thickly. It is quite possible that 
in the drier portion of the State the moisture could be conserved by 
cultivation and a crop produced when under ordinary methods there 
would be failure. On the other hand, the extra expense of such treat- 
ment is likely to more than offset any such advantage. In the Southern 
States alfalfa is frequently raised in rows and cultivated, as it can thus 
be more easily kept free from weeds; but such methods are used only 
on a small scale. | 

The treatment of plots with fertilizer showed no marked advan- 
tageous effect. Plots 46 to 49 were treated respectively with fertilizer 
at the following rate per acre: One ton gypsum, | ton lime cake, 2 
tons lime cake, 3 tons hog manure. 

In order to determine the effect of using heavy or light seed, com- 
mon alfalfa seed was separated by a grain grader into approximately 
equal parts of heavy and light weight. This was sown by drilling in 
1902. On June 23, 1903, a cutting was made from each plot. The 
light seed yielded at the rate of 2,500 pounds per acre, and the heavy 
seed at the rate of 3,000 pounds per acre. ‘The notes made at the 
time show that both plots were weedy the first year, but the second 
year there was a much thinner stand in the plot from light seeds. 

To test the effect of seeding at different times plots of common and 
Turkestan alfalfa were sown by drilling and by broadcasting from 
spring till fall, in 1902, on the following dates: March 10, March 24, 
April 8, April 21, May 7, May 19, August 7, August 19, September 
15, October 1, October 21. On account of lack of seed the experiment 
with Turkestan alfalfa was discontinued after August 19. The plots of 
this variety showed a good stand in almost every case and no injury 
during the succeeding winter. 

The sowings of common alfalfa during March, April, and on May 7 
gave a fair to good stand, but were all seriously injured the following 
winter. Later sowings gave good results and not much injury from 
winter killing except that the sowing of October 21 was a failure, as 
the plants did not reach a sufficient size to withstand the winter. It 
was also observed that of the fall-sown plots those sown broadcast 
gave a much better stand than those that were drilled. (See PL. III, 
fig. 2.) 


These experiments, as well as the experience of alfalfa growers, 
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show that alfalfa may be sown at any time of the year from spring to 
early fall, provided the soil is in the proper condition as to tilth and 
moisture. In the eastern part of Nebraska summer and fall sowings 
may be advantageous because of the weeds. The soil may be freed 


from weeds during summer and thus the alfalfa is givena chance to get 


a start. 

To test the relative value of sowing seed alone or with a nurse crop, 
two one-fifth acre plots were planted with 5 pounds of seed on April 8, 
L901. On plot No. 1 the seed was sown alone. A good stand followed, 
with vigorous growth, though some plants were killed during the 
winter of 1902-3. The result was entirely satisfactory. The plot 
was disked in the same manner as No. 2. On plot No. 2 the seed was 
sown with 2 peck of oats. On June 28, 1901, 58 pounds of oats were 
gathered, followed by a fair stand of alfalfa by October. In the 
spring of 1902 the stand was very poor, but after being disked and 
harrowed (March 22) there was some recovery and a good stand 
resulted in the spring of 1903, though there had been some loss during 
the preceding winter. The results show that a good stand is more 
certain to follow sowing alone, the growth of alfalfa being vigorous 
the first season, while if sown with a nurse crop the alfalfa does not 
reach its maximum till the second season and there is some risk of a 
poor stand. The poor results the first season are partly offset by the 
oat crop gained. 

A third plot was treated in the same manner as No. 2, with the 
intention of mowing the oats for hay, but the dry spring ripened the 
oats prematurely. The results otherwise were similar to plot No. 2. 

A series of experiments has now been in progress for three years 
to test the effect of combining alfalfa with various grasses. In the 
spring of 1901 plots one-fifth acre in size were sown with the following 
mixtures: 

Alfalfa, 5 pounds; brome-grass, 3 pounds. 

Alfalfa, 4 pounds; brome-grass, 4 pounds. 

Alfalfa, 4 pounds; bluegrass, 3 pounds. 

Alfalfa, 4 pounds; meadow fescue, 5 pounds. 

Alfalfa, 1 pound; brome-grass, 3 aipiccued red clover, } pound; white clover, } pound; 
bluegrass, } pound; meadow fescue, } pound; orchard grass, } pound; timothy; pues 


perennial rye-grass, | pound; tall oat-grass, } pound. 
Alfalfa, 4 pounds; timothy, 5 pounds. 


In all cases there was a good stand of alfalfa the first year, and 
scarcely any of the grasses could be found. All of the plots were 
disked and harrowed in the spring of 1902. During this season there 
was a good growth of alfalfa and only a little grass to be seen. This 
result is especially noteworthy for the plot containing only 1-pound 
of alfalfa, with several grasses. It was not till the third year that the 
grasses began to assert themselves. In all the plots the grass consti- 


tuted a considerable portion of the plots except in the case of the — 
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mixture with timothy, which appears to be unable to compete with 
alfalfa. In the mixture of several grasses it was the orchard grass 
that took the lead, the plot being estimated to consist of about one- 
third of this grass. 

Another plot of alfalfa and brome-grass sown in equal parts in 1899 
has had a similar development, but at the present time the brome- 
grass has succeeded in nearly crowding out the alfalfa. In the plots 
Where brome-grass was sown with alfalfa—both the common and 
Turkestan—it was noted that the grass appeared more vigorous in 
those places where the alfalfa was thickest, and that the grass in these 
plots appeared also to be more vigorous than in adjacent plots where 
there was no alfalfa. It would appear that the brome-grass derived 
some advantage from the fertilizing effect of the alfalfa. (See PIL. 
IV, fig. 2.) 

It will be of interest to record here the results obtained by two 
correspondents in sowing alfalfa upon native grass in the sand-hill 
region. 

William Fagan, foreman of the Robert Taylor ranch at Abbott, Hall 
County, states that he disked the sandy sod three times, lapping the 
disk half each time, and sowed 20 pounds of seed per acre. This was 
in the spring of 1902. A good stand was obtained, and in 1903 a 
crop of hay was cut consisting of about one-third prairie hay and 
two-thirds alfalfa. The alfalfa succeeded better on the knolls where 
the sod was more thoroughly broken. 

Mr. H. W. Sullivan, Broken Bow, Custer County, states: ‘* Begin- 
ning in the early spring and continuing up until August, I caused light 
sandy soil to be broken. I disked this well, harrowed it down 
smoothly, put seed in witha press drill, 15 pounds to the acre, and got 
a splendid stand on every foot of it.” He remarks that the best stand 
seemed to follow the August sowing. 


Merapow FEscur. 


Meadow fescue (Festuca pratensis) isa native of Europe and has been 
cultivated in this country for many years. It can not compete with 
timothy where the latter is at its best, but being more drought resist- 
ant, its range is somewhat more extended in the West, as indicated in 
the paragraph upon orchard grass. It is more common in the Middle 
South, where it is grown as a winter grass, being sown in the autumn. 

In Nebraska it is recommended that it be sown with orchard grass 
in the spring. It can also be sown alone or with clover, and in 
Nebraska is best adapted for pasture, though it can also be used for 
hay. For the latter purpose, however, brome-grass or alfalfa give 
better returns. 

Many seedsmen sell meadow fescue under the name of English blue- 
grass, but the latter name is inappropriate, as the grass is not a 
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bluegrass, and the term English bluegrass is sometimes applied to a 
different plant. 

A closely allied grass is tall fescue (/estuca elatior). Botanically 
they are usually considered to be the same species, but agriculturally 
there is considerable difference, and, for Nebraska conditions, in favor 
of the meadow fescue. 

For further notes upon this grass see the paragraph upon grass 
mixtures. 

One plot, 76 by 182 feet in size, sown in the spring of 1900 and 
manured in the fall of 1901, gave on June 23, 1902, 750 pounds of hay, 
or 3,450 pounds per acre. The grass was iriated somewhat by the 
drought of 1901, but recovered sufficiently to give good fall pasture. 
The fourth year, June 16, 1903, this plot gave a cutting of hay of 670 
pounds, or at the rate of 2,836 pounds per acre. 

Another plot (one-eighth acre), drilled in rows on May 25, 1897, gave 
on June 27, 1900, a cutting of 800 pounds of hay, or at the rate of 
2,400 pounds per acre. The growth in the following years was good, 
but the notes show that the grass does not start to grow so early in 
the spring as brome-grass. 

Kight growers of meadow fescue have reported upon their results. 
All report that their fields are now in good condition, but the reports 
are equally divided as to the advantages of spring and fall sowing, 
while five state that it is easier to obtain a stand of this than of other 
erass. Several have tried meadow fescue mixed with timothy, clover, 
or alfalfa, all of which trials were successful. 


ORCHARD GRASS. 


Orchard grass (Dactylis glomerata) is a native of Europe, but has 
been cultivated in this country since the middle of the eighteenth 
century. It is a bunch grass,and when sown alone forms tufts which 
in time become large tussocks, considerably raised above the general 
surface of the soil. This is a hindrance to the mowing machine and 
also a waste of land. For this reason it is recommended that orchard 
erass be combined with some other grass, for which purpose meadow 
fescue and brome-grass are best adapted to Nebraska conditions. 

Orchard grass is one of the most nutritious and palatable of the 
cultivated meadow grasses. It thrives in more shaded situations than 
other meadow grasses, for which reason it is often planted in 
orchards; hence the name. It withstands drought better than timo- 
thy, and consequently can be grown farther west in Nebraska than 
can timothy. The chief disadvantage of orchard grass is the greater 
expense of the seed. 

Orchard grass and meadow fescue, sometimes combined with red 
clover, are to be recommended especially for pasture in that part of — 
Nebraska west of the timothy belt as far as about the ninety-ninth — 
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meridian, bevond which the summer conditions become too severe. It 
is true that fields of these grasses usually dry up more or less during the 
middle of summer, but the same is true of all available pasture grasses, 
it being necessary to supplement them during this season with green 
feed,suchas cane orcorn. On the other hand, orchard grass and meadow 
fescue furnish green feed in early spring and late fall, seasons when 
the wild pastures are not available. The seed should be sown in the 
spring at the rate of about 20 pounds of orchard grass and 15 pounds 
of meadow fescue per acre. Unless the ground is free from weeds it 
will be necessary to mow once or twice during the first season to keep 
the weeds down until the grass is well established. When grown for 
hay the grass should be cut in blossom, as at a later period the value 
of the hay gi decreases, 

Orchard grass has been grown on the Nebraska Station farm for 
several years and has given very satisfactory results. (See Pl. IV, 
fig. 1.) The reader is referred to the paragraph upon grass mixtures 
for further information as to this grass. 


TIMOTHY 


Timothy (Phlewi pratense) is a native of Europe, and is said to 
have been brought to Maryland in 1720 by Timothy Hanson, for 
whom it was named. The history of this standard meadow grass is 
somewhat obscure, however. The name herd’s grass, by which it is 
known in New England, is said to have been derived from a Mr. Herd, 
who found it growing wild in New Hampshire and introduced it into 
cultivation. ‘Timothy is cultivated in Europe, while in the United 
States it is the common meadow grass through all the Northern States 
as far west as eastern Nebraska and south to Virginia and Tennessee, 
and even farther in the mountains. It is also cultivated in the Rocky 
Mountains at high altitudes, in the irrigated districts of the Northwest, 
and the moist region of western Oregon and Washington. 

Timothy is a less nutritious grass than most of the other cultivated 
grasses, but it has a great advantage from the fact that seed of good 
oality is easily Seduced for the market and hence is cheap, and 
because the grass may be easily grown and handled. In Nebraska 
timothy can be grown successfully only in the eastern counties, although 
it is being gradually pushed westward, and there are many falda that 
give fairly good results as far west as the ninety-ninth meridian, or 
even farther when there is an abundant water supply near the surface. 
However, these are isolated cases and represent localities where the 
conditions are especially favorable, and it can not be said that timothy 
is to be depended upon much west of the line indicating 30 inches of 


- annual rainfall. 


Timothy is chiefly used for meadows, but may be also used for pas- 
tures. When sown alone there is some danger of injury from close 
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pasturing, as stock are likely to pull up the bulblets at the base of the 
stems and thus destroy the crown. It is usually sown, when intended 
for pasture, with red clover. When used for hay it is also frequently 
combined with clover, which is very satisfactory for home use, as the 
clover increases its feeding value. Upon the hay market, however, 
pure timothy brings a higher price than mixed; hence when grown for 
sale timothy is usually sown alone. 

It may also be remarked that the soil conditions of Nebraska are not 
suited to the best development of timothy, even where the rainfall is 
suflicient, as the soil is of a sandy type rather than clay. Timothy 
may be sown in the autumn or spring. If sown alone it is best to sow 
in the fall, as a full crop can then be obtained the following year. If 
generally a full crop till the second 
year and hence some time is lost. It is usual in Nebraska to combine 
it with clover and sow with a nurse crop, the object of the latter being 
to obtain more from the land the first year. As the timothy and clover 
may not reach their full development the first season, the grain crop 
is thrown in for economy. Where winter wheat is grown it is common 
to use this as the nurse crop, sowing the timothy and wheat in the fall 
and the clover the following spring. The wheat and timothy can not 
be sown mixed in a drill on account of the difference in the size ef the 
seed, but they may be sown at. the same time by using a wheat drill 
having a special attachment. The timothy may he sown in the spring, 
but in that case should be sown early, about the time the snow is dis- 
appearing and while the ground is wet. If there is no snow and the 
ground is dry the timothy is likely to fail. The clover is sown in the 
spring in either case and later than is suitable for timothy, usually 
the first part of April. 

The amount of seed used is from 6 to 8 quarts of timothy and 8 to LO 
pounds of clover. When combined with grain the timothy and clover 
produce a good growth after the grass is cut, and may be lightly pas- 
tured the same year. The following year one or more crops of hay 
may be cut or the field may be pastured, according to circumstances. 
When timothy is sown alone there is some danger in Nebraska of 
injury to the roots after the cuttings, as they may be unduly exposed 
to the hot sunshine during dry weather. There is less danger of this 
when clover is used in combination. 


sown in the spring there is not 


CLOVERS. 


Red clover (7rifolium pratense), the standard forage legume of the 
Northeastern States, can be grown in the eastern counties over about 
the same area as timothy. As clover is usually combined with timo- 
thy for both pasture and meadow, its cultivation has been considered 
in connection with the latter plant. In the census returns cited in the, 
introduction to this bulletin mixed timothy and clover are included 


a. 
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under ‘‘other tame grasses.” As Nebraska is credited with 42,000 
acres of clover and 92,000 acres of other tame grasses, it is quite likely 
that a large proportion of the latter area is devoted to timothy and 
clover mixed. Red clover has been grown upon the Nebraska Station 
farm for many years with great success. 

Mammoth clover is a variety of red clover of more vigorous growth 
and longer lived than the ordinary kind. The seed was sown at the 
Nebraska Station in L900, and gave a good stand, a vigorous growth, 
with good fall pasture. The following year it was subjected to a severe 
test by drought, but withstood this better than any other clover upon 
the farm. It was about half winterkilled in the winter of 1902-1903. 

Alsike clover (7rifolium hybridum) is a perennial clover, in size 
and appearance intermediate between red and white clover. It is 
adapted to more moist ground than red clover and is recommended as 
a constituent of wet pastures. In Nebraska it does not usually grow 
tall enough for hay, but is a fine clover for pasture. On the station 
farm alsike has given good results in low spots in pastures and has 
withstood drought well. ° 


KENTUCKY BLUEGRASS. 


Kentucky bluegrass (2 pratensis) is a native of Europe and of the 
aorthern part of the United States, but it is now widely cultivated; 
it is also found as a wild grass throughout all the northern portion 
of the United States, except the arid regions. Bluegrass is essentially 
a pasture grass and can scarcely be excelled in regions where it reaches 
its greatest development. In Nebraska it thrives only in the eastern 
counties over about the same range as timothy, though it is gradually 
spreading westward. However, in many places lying west of the 
normal range it is a common constituent of pastures, and is then usually 
established in the more shaded situations. If there are shade trees or 
hedges, the bluegrass is quite certain to obtain a foothold and spread 
outward, holding its own very well with even the native grasses. It 
gives early and late pasture, but dries up in summer. 

The seed should be sown very early in the spring, on the melting 
snow if possible, at the rate of about 25 pounds of good seed per acre. 
If the seed is chaffy more must be used. It is customary to sow with 
bluegrass a little white clover—2 or 3 pounds. The latter, however, is 
usually widespread in the bluegrass region and soon comes in itself. 

Results at the Nebraska Station show that bluegrass furnishes con- 
siderable pasture, especially during spring and fall, as indicated in the 
paragraph on pastures. 

Closely allied to Kentucky bluegrass is Canada or Canadian blue- 
grass (Loa compressa). This differs from the former in having a 
distinctly flattened stem, being of a bluish-green color, in having 
smaller flower clusters, and usually growing less tall. It is the com- 
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mon bluegrass of the New England and Northeastern States, and in 
some localities is called wire grass and also English bluegrass. It is 
adapted to somewhat more sterile soil than Kentucky bluegrass, but 
on the whole is scarcely to be recommended for Nebraska. The 
station trial of this grass was unsatisfactory. 


Reprop. 


re | 


Redtop (Agrostis alba and A. vulgaris) is a native of Europe and 
also of the northern parts of North America. In the Eastern States, 
especially from Pennsylvania southward, this grass is more commonly 
known as herd’s grass. Redtop is widely cultivated and is now found 
growing wild through all the region indicated for timothy. Like 
bluegrass and white clover, it is now a common constituent of meadows 
and pastures even where it was not sown. It is particularly adapted 
to moist soils and is always recommended as a constituent of meadows 
or pastures on low ground, It is, however, inferior in quality to the 
other grasses mentioned, and also on ordinary dry ground it is inferior 
to them in quantity. It is to be recommended for moist meadows in 
the eastern part of the State and also for those localities in the sand- 
hills and other portions of western Nebraska where the soil is too 
moist for the growth of ordinary meadow grasses. 

As the seed obtained in the market usually contains a large amount 
of chaff it is necessary to sow a correspondingly large quantity of seed. 
A half bushel of clean seed per acre is probably sufficient, but it may 
be necessary to increase this to 2 bushels if the seed is chaffy. When 
sown in mixtures, as is usually the case, a much less quantity may be 
used. A common mixture is 3 pounds of alsike clover, 4 pounds of 
timothy, and 4+ pounds of redtop. Botanically there is a slight differ- 
ence between Agrostis alba and A. vulgaris, but the seed upon the 
market may be of either variety. A variety known as creeping bent 
(A. stolonifera, of the seed catalogues) is often used as a lawn grass In 
the Eastern States. A related species, Rhode Island bent (A. canina), 
is also used as a lawn grass, but in Nebraska both these grasses are 
inferior to bluegrass for this purpose. 

Redtop has been grown upon the Nebraska Station farm for several 
years and has been found to be entirely adapted to this ree1on. 


SIDE-OATS GRAMA., 


The first seeding of side-oats grama (Bouteloua curtipendula), also 
valled prairie oats and tall grama, was made in 1897. It gave the 
same year a yield of hay amounting to nearly two tons per acre, and 
the following year the product was nearly four tons per acre. The 
grass was partially killed during the unprecedentedly cold winter of 
1899. Being a native, it is not injured by ordinarily cold weather. 
Seed sown in 1900 produced a good stand the first year but no crop. 
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During the second season, LY0L, which was very dry during the late 
summer, the grass continued in good condition in spite of the drought, 
and produced a crop of seed on August 21 and a second crop October 
16, after which it kept green during fall. This plot continued to give 
good results during 1902 (see Pl. V1, fig. 1), but as it does not form a 
close sod it gives a chance for various weeds to become established 
between the bunches. In 1903 the plot had greatly deteriorated and 
the grass was finally driven out by weeds. 

Taking everything into consideration this is a very promising grass 
for the drier regions of Nebraska. It is a native of the plains and 
furnishes excellent forage for pasture and also promises well for hay. 
An important point in its favor is the fact that the plants seed abun- 
dantly and the seed is easily gathered—of good quality, and easily sown. 
On account of the tendency to grow in bunches it may be best to sow 
this with some other grass, such as brome-grass, or even with alfalfa. 
Much of the suecess in growing this grass depends upon securing good 
seed. In the experiment noted above, the seed was obtained from a 
plot previously grown upon the farm. Other plots of the same grass 
sown with seed obtained from the Department of Agriculture were 
failures on account of low vitality. The Kansas Experiment Station 
reports good results in the culture of this grass (Bulletin 102). 


W HEAT-GRASSES. 


Western wheat-grass (Agropyron occidentale) is commonly found in 
the western portion of the Great Plains, extending into the mountains. 
It propagates by stout creeping rootstocks, but does not form a close 
sod. In the west, from Colorado to Montana, it is called bluestem, 
Colorado bluestem, or Colorado grass, and it forms the bulk of the 
native hay of this region. It grows on bench land or bottom land, 
and though the yield per acre is not large it furnishes more hay than 
any other common grass of this region. The foliage is stiff and 
harsh, but the quality of the hay is good and it is readily eaten by 
stock. 

The trials on the plots at the Nebraska station were satisfactory. 
Where a good stand was obtained the plant showed that it could with- 
stand drought and produce a good crop of hay. One plot of one-fifth 
of an acre, sown in 1901, and on account of the poor stand resown 
the following year, produced on June 23, 1903, 457 pounds of hay, or 
at the rate of 2,485 pounds to the acre. 

Wheat-gvass is in fact one of the most promising of our native 
hay grasses. The seed is produced in abundance and is easily gath- 
ered. [Experiments at stations in the arid regions have usually given 
good results. The rootstocks soon fill the soil and the field may require 
rejuvenating. This can be accomplished by disking or harrowing to 
cut up the rootstocks, as is often done upon the native meadows. 
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Although Agropyron repens, known as quack-grass, quitch-grass, 
and couch-grass, is a pestiferous weed in the Eastern States, yet for 
Nebraska it shows many qualities which recommend it as a hay grass. 
The grass is nutritious, palatable, drought resistant, and thickens up 
readily to forma good stand. It is true that it may tend to spread 
where it becomes established, but in the semiarid regions such a quality 
in an otherwise desirable grass would be readily overlooked. Four 
years’ testing of this grass upon the station plots shows that it recoy- 
ered easily from the drought of 1901 and formed a good growth of hay 
in 1902 and 1903. 

Slender wheat-grass (Agropyron tenerum) is a native of the North- 
western States from western Nebraska to Canada and westward. This 
has been recognized in the region to the north of Nebraska as a valu- 
able wild grass and has already been brought into cultivation, so that 
the seed can be obtained of several seedsmen in the Northwest. It 
resembles A. occtdentale in many respects, but differs in the important 
fact that it isa bunch grass, and does not spread by creeping root- 
stocks. Like the other wheat-grasses, the seed habits are good, and it 
gives promise of meeting the requirements of a hay grass for the 
Northwest. 

One plot at the Nebraska Station, sown in 1897, was apparently 
much injured by the drought of 1901, but the following spring it 
quickly recovered and produced a thick stand of excellent hay. 
Another plot, one-fifth acre in size, sown in 1901, had a similar his- 
tory, but it was resown in the spring of 1902, produced a good stand, 
and gave a cutting of hay on July 23 of 457 pounds, or at the rate of 
2285 pounds to the acre. 


GRASSES AND LEGUMES OF LEss IMPORTANCE. 


Big bluestem (Andropogon furcatus).—This is one of the tall grasses 
common over the prairie region and forms, probably, the most valua- 
ble constituent of native hay produced in eastern Kansas, eastern 
Nebraska, and Iowa. It is usually called bluestem, or bluejoint, and 
is characterized by having the seed in crowfoot clusters at the top of 
the stem, by which it may be distinguished from the bluejoint of 
Colorado, which is a wheat-grass, and from the bluejoint of Minnesota, 
which is a grass of low grounds rather than prairies. ‘The station 
plot gave rather unsatisfactory results on account of the poor stand 
obtained, but the bunches that were produced grew well. Although 
a valuable grass, the seed habits are such that it is not likely to adapt 
itself to cultivation. The seed is produced in small quantity, is of 
uncertain vitality, and the seed stalks vary so in height that it is not 
readily harvested. 

The allied A. scoparéus, which is another important native hay grass, 
called little bluestem, or, on the plains, ‘‘ bunch-grass,” has not been 
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tested at the Nebraska Station, but the above remarks concerning the 
seed habits apply nearly as well to this species. 

Indian JUSS (Andropogon nutans). A. tall grass growing in the 
Kastern States and westward nearly to the mountains. It forms an 
important constituent of all the wild hay of the prairie regions except 
toward the north. It is of especial value on account of its numerous 
root leaves. The plot of this grass tested gave finally a luxuriant 
growth of foliage, although it was injured somewhat by the drought 
of 1901. The poor seed habits of this grass stand in the way of its 
cultivation. ‘The seed is usually not very abundant and is often of low 
vitality. 

Tall oat-grass (Arrhenatherum eclatius).—-One of the European 
meadow grasses which has been grown on a small scale in this country 
for many years. As it is a bunch grass and does not form a close sod 
it should not be used alone, but doubtless it will be a valuable addition 
to a mixture such as orchard grass and meadow fescue. It is fairly 
drought resistant, and has the quality of producing a comparatively 
‘ank growth the first season, for which reason it has found favor as a 
winter pasture grass in the South. In general, however, it seems to 
be better adapted to meadows than to pastures. The station plots 
gave a good growth of forage which produced excellent hay. One 
plot, one-fifth acre in size, sown in 1901 and resown in 1902, produced 
on June 23, 410 pounds of hay, or at the rate of 2,050 pounds to the 
acre. After the cutting a fine aftermath was formed. In 1903 the 
same plot yielded (June 16) only 310 pounds, or at the rate of 1,550 
pounds to the acre, bearing out the experience elsewhere that a 
meadow of tall oat-grass reaches its maximum development early and 
then deteriorates. 

Blue grama (Bouteloua oligostachya).—Blue grama is one of the 
important constituents of upland grazing regions of the Great Plains 
and is often called buffalo grass, but it should be distinguished from 
the true buffalo grass with which it is usually associated. Blue grama 
does not produce so large a quantity of seed and the seed is not so 
easily gathered or handled as side-oats grama, but ranchmen state that 
it is superior to this grass in nutritive qualities and palatability, and 
furthermore that it forms a thick sod, while the other does not. The 
growth is short, usually about a foot high, and hence this grass is not 
adapted for hay except under favorable conditions, though for pasture 
it is exceedingly valuable. Seed was sown on one plot in 1898 and on 
a second plot in 1900. The grass was slow to start from seed and the 
growth in the spring was slow even when the plot was established, 
but the stand thickened up well, and during the dry season of 1901 it 
was the only grass besides side-oats grama that gave sufficient growth 
for pasture during the period of extreme drought. 


40 FORAGE CROPS IN NEBRASKA. 


Western hrome { Brom WS COP Lnatus hookerianus).— ‘Three trials of this 
gave negative results on account of the failure of the seed to germi- 
nate, but one plot sown in the spring of 1902 with seed from the grass 
earden of the Department of Agriculture at Washington gaye good 
results and showed that the grass is at least promising for the semiarid 
regions. ‘Trials at stations in the Northwest have also shown that this 
species gives much promise. This grass is closely allied to ZB. 
marginatus. 

Western brome (Bromus marginatus).—Four trials of this grass | 
showed that it is well adapted to the conditions in Nebraska, giving — 
a good growth and resisting the dry weather of 1901, and that it is not 
injured in the winter. The foliage is rather coarse and not as leafy as 
would be desirable, but the grass is well worth an extended trial. 

Bufttulo grass (Bulbilis dactyloides).—Buttalo grass is the common 
“short grass” of the Great Plains, and forms a close, thick sod by 
meuns of its numerous creeping stolons. It is entirely resistant to 
drought, it is very nutritious, and it cures upon the ground, thus fur- 
nishing winter feed to the range cattle. The grass forms the seed 
close to the ground in little nut-like clusters that are likely to escape 
the casual observer. The staminate or male flowers are produced in 
little spikes or flags, which are raised a few inches above the ground 
and are much more easily distinguished than are the pistillate or 
female flowers that produce the seed. The seed, however, is quite 
fertile, but is so difficult to gather that it will never be practicable to 
erow buffalo grass from the seed. If it is desired to produce a field 
of buffalo grass it should be started from the cuttings. For this pur- 
pose the sod should be cut into small pieces and planted upon prepared 
soil. The pieces can be dropped upon the surface of the soil and 
forced into the ground by stepping upon them. The distance apart 
depends upon the desirability of obtaining a thick stand at once. If 
the pieces of sod are placed 2 feet apart each way, they will thicken 
up between fairly well in one season. In experiments at the Nebraska 
Station the seed failed to germinate. 

Wild rye (Llymus canadensis).—A common grass in many parts of 
the United States and extending over a large part of Nebraska, where 
it is found chiefly in draws and low places. It produces a large 
amount of hay of good quality, though rather coarse. It resists 
drought quite well and seems well worth an extended trial as a meadow 
grass. One plot on the station grounds, sown in 1901 (see Pl. VI, 
fig. 2), was cut on July 26, 1902, and yielded at the rate of 5,875 
pounds to the acre (1,175 pounds on one-fifth acre). The same plot 
yielded on July 23, 1903, at the rate of 8,700 pounds per acre. The — 
shattered seed from the plot germinated in the autumn of 1902 and 
produced a good stand the following season. The cutting was made- 
after the grass had headed out, but for the best hay the cutting should 
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be made much before the heads appear. The form here cultivated is 
sometimes referred to as 2. robustus. 

Llymus virginicus.—Vhe same remarks apply to this species as to 
i. canadensis, but this grass shows the effect of drought more quickly 
than that species. 

Lelymus virginicus submuticus.—The results with this variety are 
more satisfactory than with the species. 

Feragrostis tenuis. —VThis grass has given good results in the plots, 
and promises well as a hay grass, although the foliage is rather wiry. 
The grass is a native of sandy regions of the plains, and it may prove 
valuable in the Sand Hills. 

Wild timothy (Muhlenbergia racemosa).—A native grass found in 
moist places through the Northern States west to the Rocky Moun- 
tains. In Nebraska it is a common constituent of slough-grass hay. 
The results upon the station plots show that this 
vated and a fair quality of hay produced. 

Japanese barnyard millet (Panicum crus-gall/).—An annual grass of 
much nutritive value which gives a luxuriant growth of fodder suit- 
able for coarse hay. The station plot of this grass, one-fifth acre, 
sown March 22, yielded on July 26, 1902, 1,100 pounds of hay, or at 
the rate of 5,500 pounds to the acre. The yield should have been much 
higher, but the stand was not of the best. There is no doubt that this 
is a good annual hay grass for portions of Nebraska which are not too 
dry, but as it has no especial advantage over millet and is inferior to 
sorghum it probably will not be used extensively. Some seedsmen 
have sold this under the name of Billion Dollar Grass. 

Switch-grass (Panicum virgatum).—A bunch grass which is one of 
the important constituents of prairie hay in Nebraska and is well worth 
cultivating. The plot at the station was unsatisfactory on account of 
the poor stand, but the bunches present produced a good quality of 
hay. The grass is quite resistant to drought and produces a quantity 
of seed which is usually of good quality. 

Reed canary grass (Phalaris arundinacea).—A native of marshes and 
sloughs through the northern tier of States. In the northern por- 
tion of the Great Plains it forms a large part of the native hay, which 
is generally recognized as of excellent quality. Although a native of 
wet soil it gives good results on comparatively dry soil. It is to be 
recommended for cultivation in the States from Minnesota to Wash- 
ington, and south probably as far as northern Kansas, but in the south- 
ern portion of the range is adapted only to low meadows. The great 
disadvantage of this grass at present is the difficulty of obtaining good 
seed. Ordinarily the seed shatters easily at maturity. The results 
of the trial at the station were unsatisfactory from the fact that there 
was a very thin stand, which was probably due to poor seed. The com- 
mon ribbon grass of gardens is a variety of this species. 


erass can be culti- 


2 


4? FORAGE CROPS IN NEBRASKA. 


Stipa robusta. —A native of the Rocky Mountain regions and the 
western portion of the Great Plains, where it is a common constituent 
of the native hay. The station plot sown in 1897 withstood the drought 
of 1901 and gave good crops of hay in 1902 and 1903, This grass is 
worthy of an extended trial. 


PASTURES AND MEADOWS. 
NATIVE GRASSES. 


Since the native grasses and forage plants play such an important 
role in the agricultural economy of Nebraska, it will not be out of 
place to discuss them briefly. They have been very thoroughly studied 
by Dr. C. E. Bessey and other botanists of the State and for detailed 
information the reader is referred to articles by Dr. Bessey in the 
reports of the Nebraska State Board of Agriculture from 1886 to 
1896, to the Phytogeography of Nebraska, by Pound and Clements, 
the Flora of the Sand Hills, by Rydberg, and to various articles on 
the grasses of Nebraska by Webber, Smith, and others. 

The agricultural grasses are divided into two types, according to 
root formation—bunch grasses and sod formers. The bunch grasses 
form a crown which increases from year to year and becomes in time 
a raised tussock. Where bunch grasses abound there is no continuous 
sod but a succession of tussocks with bare soil between which sup- 
ports a variety of other plants scattered here and there. Some of the 
common bunch grasses are bluestem, switch-grass, and Indian grass. 
Sod formers have rootstocks or stolons by which they spread, forming 
a continuous sod. Buffalo grass and Kentucky bluegrass are examples 
of this type. 

The grasses may also be divided into those which grow tall enough 
to make hay, and are sometimes called ** tall grasses,” and the strictly 
erazing grasses of the western plains, called ** short grasses.” 

Hay is made from the tall grasses which are found on all unbroken 
prairie of the eastern portion of the State. In the wet places or 
sloughs, there are various swamp grasses (chiefly slough-grass, Spar- 
tina cynosuroides), Which, when cut young, furnish a fair, though 
coarse, hay. The most important hay grasses are: Little bluestem 
(Andropogon scoparius Michx.), Big bluestem (Andropogon furcatus 
Mubl.), Indian grass (Andropogon nutans Li.), Switch-grass (Pan- 
teum virgatum .), and Side-oats grama (Bouteloua curtipendula 
Michx.). These five grasses form the great bulk of the prairie hay 
throughout the eastern half of the State. In the western portion these 
erasses are confined to the river bottoms, draws, and other moist 
spots, and often are found in suflicient abundance for mowing. These 
same grasses are also used for native pasture. But in the grazing — 
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portions of the West, except the Sand Hills, the important grasses are: 
Buffalo grass (Bulbilis dactyloides Rat.) and blue 
oligostachyu Torr. os 

An important grass in the West, especially for hay, is the wheat- 
grass (Ayropyron occidentale). This spreads by extensively creeping 
underground stems. The foliage is stiff and rather harsh, but never- 
theless it forms a very nutritious hay. This grass is more resistant 
to drought than any of the hay grasses of the West. 

There are many other grasses which are of more or less agricultural 
importance, but, compared with those mentioned, they are insignificant. 
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CARE OF NATIVE PASTURES AND MEADOWS. 


Unless proper precautions are taken to prevent it, both meadows 
and pastures tend to deteriorate. In pastures the stock are contin- 
ually eating off the most palatable plants and avoiding the others, 
which are in this respect weeds. ‘To prevent such exhaustion it is 
necessary to limit the number of stock to the forage-producing power 
of the pasture. The same is true of the open range. Great harm has 
resulted in many instances from overstocking. Particular care must 
be exercised in this respect at what might be called critical periods, 
or when unfavorable conditions, such as drought, curtail the produc- 
tion of grass. In pastures this exhaustion can be avoided by supple- 
menting the grazing by soiling crops. An excellent way to encourage 
the recuperative power of the native grasses is to give the pasture a 
rest by providing two pastures, which may be used alternately for 
periods of from two to four weeks. 

With meadows deterioration is less marked, as the weeds are cut at 
the same timeas the grass. However, it is advisable to allow the 
grasses to go to seed occasionally. It is a bad practice to pasture the 
aftermath during the autumn, as this encourages the growth of weeds. 

The burning off of pastures or meadows is not to be recommended, 
as experience has demonstrated that though a green growth can be 
induced earlier the final results are harmful. The crowns of the grasses 
are injured and the fertilizing effect of the dried leaves is lost. 

On the other hand, the practice of mowing the weeds in pastures in 
summer is good, as they are thus prevented from going to seed. 

If the number of stock limited to its capacity is allowed to use the 
pasture, the manure thus distributed tends to keep up fertility; but 
meadows are constantly giving up nutriment drawn from the soil, the 
loss of which must in time visibly affect the capacity. Therefore, 
wherever the value of the hay is a sufficient recompense, it is well to 
supply barnyard manure to make up this loss. 
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TAME PASTURES AT THE NEBRASKA EXPERIMENT STATION, 


A field of 30 acres was sown in April, 1899, with a mixture of 
2 pounds each of orchard grass, timothy, bluegrass, tall oat-grass 
perennial rye-grass, and white clover, 4 pounds of red clover, and 1 
pound of alsike. Three pounds of alfalfa were added to 5 acres of 
this mixture. In L900, 80 tons of hay were cut and excellent pasture 
was obtained through the fall. In 1901, the pasture was in excellent 
condition, supporting 25 to 35 head of cattle and giving 14 tons of fine 
hay. ‘This pasture bas been top-dressed with barnyard manure about 
every other winter, and during the summer the weeds have been mown 
two or three times. In the spring of 1900 the field was disked and 
sown with brome-grass and meadow fescue. ‘These erasses have gradu- 
ally gained the ascendency until now the alfalfa has disappeared and 
there is little to be seen besides the grasses mentioned. 

This tendency for certain grasses to predominate in a mixture is 
shown by the history of a 30-acre field of native pasture. About 
1887 a portion of this pasture on the south side was sown with blue- 
grass and white clover. The bluegrass has gradually spread over the  — 
whole field, and at present the pasture appears to be mostly bluegrass, 
which is especially in evidence during early spring and late fall, while 
during the summer, particularly if the season is dry, the native grasses 
are conspicuous. ‘This is the usual tendency where bluegrass is able to 
thrive. It holds its own with other cultivated grasses, and may eyen 
crowd out its competitors; but when combined with native grasses, 
these are able to hold their own in the prairie region of the State. 
The bluegrass starts to grow much earlier than the native grasses and 
gives in early spring an excellent quality of pasture. In the dry part 
of the summer the bluegrass dries up and becomes dormant while the  _ 
native grasses continue to vegetate. In the autumn as the weather 
becomes cooler the bluegrass again starts up and gives late pasture. 
The experimental pasture had been top-dressed with barnyard manure 
about every third winter, and during the summer the weeds were 
mowed two or three times. In 1898, 4 acres of the above fields were 
plowed and sown to brome-grass. In the spring of 1901, 3 acres of 
alfalfa were added from an adjoining field. This portion was disked 
the following spring and sown with brome-grass and meadow fescue. 
These grasses have driven out the alfalfa, and now none of the latter 
can be found in the field. During the season of 1903 this field carried 
40 head of cattle all summer, and also yielded a crop of hay estimated — 
at one-fourth ton per acre. 

Another field sown with timothy, orchard grass, bluegrass, meadow — 
fescue, and brome-grass is now nearly all brome-grass. - 
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THE SEED BED. 


THE SEED BED FOR GRASSES AND CLOVERS. 


The ideal seed bed for grasses and clovers is a firm but friable lower 
soil, with loose, well-tilled top soil. To produce this condition 
requires careful tillage for several years preceding the sowing. ‘The 
soil should contain sufficient moisture to insure the young plants a good 
start in case there should be a deficient rainfall after sowing. Seed 
sown on a dry soil may receive sufficient rainfall to germinate, but not 
enough to supply the young plants with the necessary moisture. Care- 
ful preparation of the seed bed is more essential in seeding grasses 
than in seeding almost any other crop, and failure to obtain a stand 
entails a greater loss. Land that has been planted to a cultivated crop, 
for which the soil has been well tilled and waich has received clean and 
level cultivation, may in most cases be well fitted for seeding grasses 
by disking and harrowing without plowing, provided the trash be 
removed. When disking the disk should always be lapped one-half 
on each round, thus covering the field twice, and generally it is well to 
go over the field a second time at right angles to the first disking. 
A smoothing harrow should follow the disk. Well-cultivated land has 
these advantages: The weeds have been exterminated, the moisture 
has been conserved, and the top soil is in good tilth. Fall plowing is 
desirable on land that settles well through the winter and that does not 
blow badly, but there is much soil on which fall plowing can not be 
done advantageously when spring seeding is intended. In any caseas ° 
long a period as possible should elapse between plowing and seeding, 
but during that time the top soil should be kept loose and clean with 
the disk or drag. During this period the soil settles, the large spaces 
are filled, and the moisture is diffused through the plowed soil. Disk 
ing the soil before plowing is advisable, as it cuts up the trash if there 
is any, and pulverizes the soil turned under so that it settles more 
quickly. The use of the subsurface packer or the disk set straight and 
run in the direction of the furrow also helps greatly to firm the soil. 
The use of either of these implements should follow the plow by the 
least possible number of hours. Stubble land for fall seeding may in 
some cases best be plowed and in others disked, depending on a great 
variety of circumstances, but in any case the sooner the soil is pre- 
pared after cutting the grain the better, and it is imperative that the 
surface be kept stirred and clean up to the time of seeding. 


ANNUAL FORAGE CROPS. 
SORGHUM. 


- Sorghum (Andropogon sorghum) is one of the most important annual 
forage grasses of the United States. It is grown throughout the South 
and well to the west on the Great Plains. It resists drought better 
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than any other succulent forage crop and gives large yields of excel- 
lent hay. Sorghum may be used for soiling and for pasture, but its 
most important use is for cured fodder or hay. For this purpose it 
may be sown thickly and mowed with a mowing machine. The hay 
is succulent and requires some time for curing, but in the drier por- 
tions of Nebraska it can be thrown into bunches or cocks and allowed 
to remain until cured, 

Kafir cornea variety of nonsaccharine sorghum, is also quite drought 
resistant and is frequently erown for forage, but under the same con- 
ditions the sorghum gives a greater yield of fodder. Sorghum can — 
also be planted 3 in rows and cultivated. The forage can then be gath- 
ered by cutting and shocking, preferably with a corn harvester. The | 
ordinary sugar sorghums, such as Karly Amber, Colman, and Orange, 
are used for this region. Sorghum is frequently referred to as 

cane.” . 

Other races of sorghum are milo maize, Jerusalem corn, and 
dhoura, but in Nebraska none of these is equal to sorghum for fodder. 

Sorghum was tested in the series of pasture tests already mentioned 
(Bulletin 69 of the Nebraska Experiment Station), as were also white 
Kafir corn and milo maize. One-fifth acre of sorghum gave twenty- 
five days’ pasturage and was, along with rye, one of the crops giving 
the greatest quantity of forage. Some experiments were also tried 
Ww ith sorghum for soiling, which indicated that the quantity of forage 
thus ohbnined was two to three and one-half times as much as when the 
crop was pastured. 

The possible injurious effects of pasturing sorghum have already 
been alluded to in another paragraph. (See also Bulletin 77 of the 
Nebraska Experiment Station. ) ae 

Anacre of Early Amber sorghum, drilled with a corn planter in 
double rows, 6 inches between rows, 3 feet apart, June 12, was cut on 
September 19 with a corn binder and shocked in the field. The weight 
of this, taken December 1, was 8,715 pounds. 

A similar plot was treated in the same manner, except that the seed 
was planted with a grain drill in rows 8 inches apart. The forage was 
cut the same as the other plot but with a mowing machine, and was 
put in cocks, where it remained till December 1. The weight was~ 
then found to be 12,350 pounds, or over 6 tons per acre. 

In the drier portions of the State where it is necessary to conserve 
the moisture, it is advisable to plant the seed in rows in order to admit 
of cultivation. The crop is thus made more certain. 


Miner. 

Common millet (Setaréa ctalica) is much grown in eastern Nebraska 
as a summer hay crop and frequently as a catch crop after grain. I 
can be cut in about two months from the time it is planted, and is 
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excellent hay plant. It should be cut between the time of heading out 
and that of late bloom, for if cut too early the hay is too laxative in 
its effect and if cut too late the seed has injurious effects, especially 
upon horses. The hay is succulent and requires more time to cure 
than does timothy. About one-half bushel of seed per acre is used. 
Different varieties are called Hungarian grass, German millet, Siberian 
millet, ete. 

In the pasturing tests (see Bulletin 69 of the Nebraska Experiment 
Station) millet gave eighteen and a half days’ pasturage for one cow 
and was available at the same time as sorghum, Kafir corn, and cowpeas. 
“Tt did not have as favorable an effect upon the milk flow or butter fat 
production as did any of these crops or as did the mixed grasses.” 

Broom-corn millet (7anécum miliaceum) is a different species, some- 
times called hog millet. This gives good results in the Dakotas and 
other Northern States and also promises well for Nebraska. In 1903, 
a one-half acre plot of Red Orenburg (8, P. 1. 9423) sown June 12 and 
cut August 15 yielded at the rate of 8,250 pounds of hay to the acre. 


CowPEA. 


Cowpea (Vigna catjangq) is an annual legume which has been grown 
in oriental countries for an indefinite period. It is now one of the 
standard forage plants of the South, being extensively cultivated as an 
annual summer crop for hay, pasture, and green manure. During 
recent years its range has been steadily pushed northward, until now 
it is grown with more or less success as far north as Wisconsin and 
New York. There area large number of varieties, differing greatly in 
their method of growth, time necessary to reach maturity, hardiness, 
and many other characters that affect the adaptability to conditions. 

Although one of the standard hay plants of the South, it is not 
adapted for hay in Nebraska. It is difficult to cure and can not com- 
pete with alfalfa and clover. It is an excellent soiling plant, but under 
present conditions of agriculture it is not likely to be needed for this 
purpose in Nebraska in the near future, except possibly on a small 
scale in dairy districts. It is not well adapted for silage on account of 
its succulence, but has been used in this way when mixed with other 
plants. (See Circular 24 of the Division of Agrostology, U. 8. Depart- 
ment of Agriculture. ) 

The chief field of usefulness of the cowpea in Nebraska is for pasture 
during the autumn. The seed must be sown when the ground is well 
warmed, which in Nebraska may not be until June. Although late 
varieties, which produce no pods in this State, can be utilized for for- 
age, yet the plant gives best returns when the pods are forming. 
Hence, those varieties should be grown which mature at least a part of 
the seed before frost. This is especially advisable, because of the high 
price of seed. Where adaptability to climate is so important as in the 


48 FORAGE CROPS IN NEBRASKA. 


case of the cowpea, growers should endeavor to use home-grown seed, 
which always aids in such adaptation. For pasture the cowpea is well 
adapted to cattle, sheep, and, especially when the pods are ripening, 
to hogs. Poultry readily eat the seeds. 

The pasture tests of L900 (see Bulletin No. 69 of the Nebraska 
Experimental Station) showed that one-fifth acre furnished twenty days’ 
pasture —July 24 to August 13. There was a highly favorable effect 
upon the milk flow and the butter fat produced, in which respect ** the 
forage far surpassed all of the other crops except alfalfa, and was even 
slightly superior to that very vaiuable forage plant.” In this test the 
variety used was the Whip-poor-will. 

Two plots of the above variety were sown in LSY7 to test the yield 
of fodder. They were harvested on September 23 and gave at the 
rate of 4.37 tons and 4.62 tons to the acre. A plot grown in 1896 gave 
a yield of green fodder amounting to 22,850 pounds per acre, or some- 
thing over two tons of hay. 


SMALL GRAINS. 


For late fall and early spring pasture nothing excels the winter 
grains in palatability, nutritive qualities, and in quantity of forage. 
It is customary to utilize winter wheat incidentally for pasture at such 
seasons of the year in localities where this crop is grown for grain. 
Rye is frequently used for pasture, and this plant is to be highly 
recommended wherever it can be grown as a winter crop. The grains 
can also be used to advantage as a spring crop, but in this case the 
pasturage comes later in the season when the want is less keenly felt. 
Rye sown in the autumn produces pasture at a season when permanent 
pastures are dormant or giving only meager returns. 

In the pasturing tests, a one-fifth-acre plot gave about twenty-seven 
days’ pasturage. ‘*1t furnished the earliest pasturage of any of the 
annual forage crops and could have been pastured in the fall.” 

The small grains make an excellent quality of hay and in Nebraska 
are not infrequently used for this purpose. In California the great 
bulk of the hay upon the city markets is grain hay made from wheat 
and oats. 
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Oats and rye are also used in Nebraska as soiling crops during 
spring and early summer. Although the amount used by each farmer 
in this way may be small, yet the aggregate must be considerable. 


Corn. 


This is by far the most valuable plant grown in Nebraska, as it is — 
also of the United States. It is grown chiefly for the grain, but in this — 
bulletin we are concerned with its forage value. Where corn is grown — 
for the grain-there are two common methods of utilizing the stalks, | 
The corn may be allowed to mature in the field and the ears husked— 
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from the standing stalks during the autumn, or as soon as convenient. 
After the ears have been harvested, the remaining stalks are utilized by 
turning cattle, sheep, or horses upon them to secure what they can 
from the waste grain and the dry fodder. The nutritive value of 
such fodder is slight, especially during the winter. The second 
method of harvesting corn is to cut the stalks a short time before the 
grain is mature and while the foliage is still green. The stalks are 
placed in shocks to cure, after which the ears are husked out and the 
remaining stalks may be reshocked, or placed in stacks or barns, and 
constitute what is usually known as corn fodder or, more properly, 
corn stover. Properly cured corn stover is quite nutritious and com- 
pares favorably with hay. When the fodder is shredded a greater 
proportion is utilized. There is considerable deterioration in the 
nutritive value of stover during storage in the field or even in barns. 

The value of corn grown for hay should not be underestimated. 
When planted thickly so that the ears are reduced to one-half or one- 
fourth the normal size and the stalks cut earlier than when grown for 
erain, the fodder is large in quantity and very excellent in quality. 
Besides its value for hay, corn is one of the best plants for silage or 
ensilage and for a soiling crop. 

The pasturing tests at the Nebraska Station show that one-fifth acre 
plot gave eighteen and one-half days’ pasturage for one cow, but 
though ‘‘It may be of value to furnish feed between the periods of 
rye and sorghum pasturage, it is not equal to either of these.” 

Soy Bray. 

Soy bean (Glycine hispida) is a leguminous plant grown for forage 
and for grain. For forage it is much used in the Middle South, but 
has not thus far given much promise for this purpose in Nebrask: 
For seed or grain it has given fairly good results in Kansas. (See 
Bulletin No. 100 of the Rociens Experinent Station.) In that State 
the Early Yellow variety has given the best returns. There is some 
difficulty in harvesting the crop, as a special harvester is required if 
the beans are raised on a large scale. 

Soy beans (American coffee berry) were tested in 1898 to determine 
their value as summer feed, but the results were not sufficiently satis- 
factory to warrant the continuance of the experiment. (See Bulletin 
69 of the Nebraska Experiment Station.) In 1896 a plot of soy beans 
yielded at the rate of 15,000 pounds of green fodder per acre. 

Several varieties have been grown at the Nebraska Station to test 
their seed production, but the results were not satisfactory, as none 
gave a sufficiently high yield to be profitable for this purpose. 


“For a full account, see Farmers’ Bulletin No. 58, United States Department of 
Agriculture. 
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RAPE. 


Rape (Bruss/ca napus) is a succulent plant, resembling the turnip, 
which is used for pasture in the cooler parts of the United States. It 
has been grown upon the station farm and is to be recommended for 
fall pasture for hogs and sheep. — It is also useful for calves and grow- 
ing cattle, but there is much loss from the trampling of the larger 
stock. The milk is likely to be tainted when rape is fed to cows, 
although this may be avoided by feeding (soiling) just after milking. 
The chief value of rape in Nebraska, however, is as fall pasture for 
hogs and sheep. It gives succulent feed until frost or even somewhat 
later. A succession of pasture may be produced by planting the seed 
at different dates. It is ready to use about ten weeks after planting. 
For further information as to rape see Farmers’ Bulletin No. 164, 
United States Department of Agriculture. 


CANADA Fie._p PEA. 


Canada field pea (Piswi urvense), a legume, resembling the garden 
pea, has proved very successful in Canada and the cooler parts of the 
United States. It is adapted to a cool, moist climate, though it can 
be grown with some success in the Middle South as a winter crop. — It 
is usually sown with grain, especially oats, the grain serving to hold 
up the peas, the combination being very satisfactory for forage. The 
peas and oats are usually made into hay, although they may be used 
for pasture or soiling. 

Experiments were tried at the station in the pasture tests. (See 
Bulletin 69 of the Nebraska Experiment Station.) One-fifth acre plot 
of oats and peas gave twenty-one and one-half days’ pasturage, which 
was available in June, somewhat later than rye. Although peas can 
be used in this way in moist years, the conclusion was reached that 
Nebraska is too far south for the best results with this crop. 


VETcH. 


Hairy vetch (Vieta villosa) is an annual legume more drought 
resistant than the common vetch and better adapted to sandy soils, for 
which reason it is sometimes called sand vetch. It has proved very 
successful in eastern Washington and is much used as a winter crop 
in the Middle South. It gives the best results when combined with 
grain. Although it can be grown in eastern Nebraska, experiments 
show that the forage produced is inferior in quantity, and that it can 
not compete with other legumes. 

Spring vetch ( Veva sativa) is not suited to Nebraska, as it requires 
a cool, moist climate. Winter vetch (Lathyrus hirsutus) is not to be 
recommended for that region. 
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PLANTS WHICH CAN NOT BE RECOMMENDED. 


The following grasses and forage plants have been tested, but the 
results are not such that they can be recommended for Nebraska. 
Some of the trials were failures because the seed did not germinate. 
In such cases judgment upon the value of these plants must be reserved, 
The experiments were based upon trials extending, in many cases, 
over as Many as six years: 

Agropyron caninum.—The tests with this wheat-grass were unsatis- 
factory on account of a mixture of seed, but it showed no evidence of 
value. 

Agropyron divergens.—There was no stand produced with this grass, 
but experiments at other stations in the Northwest, notably at Pull- 
man, Wash., have shown that it can be grown successfully from the 
seed and is well adapted to the semiarid conditions of that region. 
Although with seed of good vitality it may prove successful here, it 
probably has no advantage over Agropyron occidentale. Agropyron 
divergens tnernis was also tried, but it produced a poor stand and was 
not promising. 

Agropyron violaceum.—Several trials were made, but the results 
were unsatisfactory. 

Johnson grass (Andropogon halepensis)—A common and valuable 
hay grass for the Southern States, but it has shown itself to be a diffi- 
cult plant to eradicate, and hence has become in many sections a great 
pest. In Nebraska it will not usually survive the winter. This grass 
was sown at the station in the spring of 1897 and survived the winter 
of 1897-98, but it was killed out during the next winter. Other 
attempts to raise it resulted in continual loss during the winter. 

Sweet vernal grass (Anthowanthum odoratum).—This grass has little 
forage value anywhere, but it is sometimes used in the Eastern States 
to impart a pleasing odor to the hay, for which purpose a small 
quantity suflices. 

Australian saltbush (Atriplex semibaccata).—This forage plant has 
proved quite successful in California and in some other parts of the 
Southwest, especially in alkali soil. However, in States as far north 
as Nebraska it is unable to survive the winters, and hence must be 
grown as an annual, but the uncertainty of germination and the rather 
meager growth the first season render it unsatisfactory as an annual 
forage plant. The trial at the station extended over four years, but 
in no case were the results at all promising. The plants were killed 
out every winter except in 1900-1901. Even the second year’s growth 
was too small to be of much value. 

Swamp-chess (Bromus ciliatus).—The plots gave a fairly good stand, 
but the plants do not thicken up in the plot, and the individuals are 
coarse and not leafy enough for hay. Although this grass might be 
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erown for hay, it shows nothing to recommend it to favor compared 
with other grasses better adapted to the purpose. 

Reser JUSS (Bromus unioloide 8). A fairly good Tass, but it will 
not endure the winters in Nebraska. 

Blucjoint (Calamagrostis canadensis).—This is a common prairie 
erass of the Northern States, extending west into eastern Nebraska. 
In Minnesota and Iowa it is a valuable wild hay grass and there called 
bluejoint (not to be confused with the bluestem of Nebraska, Andro- 
pogon Furcatus, nor the bluestem of the foot hills, Agropyron occiden- 
tale). It thrives particularly on moist prairie and swales. Attempts 
to. grow this grass from seed have usually been unsuccessful, as the 
seed seems to lack vitality. At the Nebraska Station the seed pro- 
duced a very poor stand. 

Bermuda grass (Cynodon dactylon).—The best grass for summer 
pasture in the South, but not hardy in Nebraska. 

Crested dog’s-tail grass (Cynosurus cristatus).—No improvement 
over Nebraska grasses and not to be recommended. 

Florida beggar-weed (Desmodium molle).—An annual leguminous 
plant of Florida and the West Indies, where it is frequently used for 
forage. It can be grown throughout the Southern States and even as 
far north as Nebraska. For the latter State, however, it is not likely 
to be grown extensively, as it does not meet the requirements so well 
as other plants. On the station plots this made quite a heavy growth 
of woody, unpalatable forage. 

Elymus glabriflorus and Elymus glaucifolius.—A poor stand was 
obtained of both these grasses, but they should be tested further. 

Lriocoma cuspidata.—A common range grass in the Rocky Mountain 
region, but it does not give promise under cultivation. 

Lriochloa punctata.—A promising grass for the South, but scarcely 
able to endure the winters of Nebraska. : 

Teosinte (Euchlena mexicana).—A tropical annual forage plant 
which is often grown in the rich bottom lands of the Southern States 
and is frequently advertised by seedsmen for the North. It produces 
under favorable conditions a large quantity of forage, but in Nebraska 
it is far inferior to sorghum for this purpose. It is a coarse grass, 
resembling corn. 

Eurotia lanata.—This is not a grass, but a forage plant, well known 
under the name of ‘* winter fat.” In the Western States, where it 
furnishes excellent feed upon the range, attempts to cultivate it have 
not been attended with much suecess. Seed planted at the Nebraska 
Station failed to germinate. 

Horse bean (Faba vulgaris).—The common field bean of Europe, 
where it is a staple forage plant; but in this country it has not given 
satisfactory results. 

Tall fescue (Festuca elatior).—Results unsatisfactory and plot finally 
discarded. © 
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Reed fescue (Kestuca elatior arundinacea).—A tall form of S/estuca 
clatior, Which gives good results in the Eastern States, but is much 
inferior in Nebraska to /estuca pratensis, the meadow fescue. 

Sheep s fescue (Festuca ovina.) —A bunch grass of low growth, culti- 
vated in Europe and recommended frequently for the northern portion 
of the United States. It is not suited for hay, but is of some value 
for pasture in mountain regions and in the cooler parts of the country, 
especially in mixtures for sterile soil. But it appears to be entirely 
unsuited to conditions in Nebraska. Several varieties or related 
species of this grass (Festuca sulcata, Festuca duriuscula, Festuca 
rubra) have been tried at the Nebraska Station, but none is to be 
recommended. 

Curly mesquit (Llilaria cenchroides).—The common upland grass 
upon the plains of Texas, where it replaces buffalo grass, which it 
much resembles in appearance. The plots gave only a thin stand. 


This species is not’hardy as far north as Nebraska. 


Velvet grass ([Tolcus lanatus).—A native of Europe and cultivated 
occasionally in this country, especially in the Puget Sound region, where 
it is also now growing without cultivation. It has little to recommend 
it anywhere, and is certainly not worthy of cultivation in Nebraska. 

Tlordeum bulbosum.—This grass gave a fair stand, but seems not 
well adapted to the climate, being injured by cold winters. 

Wild barley (Llordeum nodosum).—Growth not sufliciently rank for 
a forage grass. 

Koeleria cristata.—A common native grass upon the prairies through- 
out Nebraska. It is a small, slender perennial, flowering in June and 
not sufficiently rank in its growth to warrant cultivation. The plot 
of this grass gave a fair early growth, but disappeared the latter part 
of the summer. 

Winter vetch (Lathyrus hirsutus).—This vetch has not been tried at 
the Nebraska Station, as it is unsuited to the climate. 

Bitter vetch (Lathyrus sativus).—A good stand was obtained, but the 
climate is entirely too hot and dry in Nebraska for this legume. 

Flat pea (Lathyrus sylvestris wagner?).—A strong growing peren- 
nial which has given excellent results at several experiment stations 
in the arid regions. The plant seems to be very resistant to drought, 
but those who have tried it report that it is not palatable to stock and 
that they have been unable to utilize it as a forage plant. 

Leptochloa dubia.— & grass of the Southwestern States which is not 
adapted to the Nebraska climate. 

Japan clover (Lespedeza striata).—An annual legume, but not resem- 
bling clover very closely. Itis frequently grown in the Southern States 
but is not hardy in Nebraska. 

Perennial rye-grass, English rye-grass (Lolium perenne).—A. well- 
known cultivated grass in England and other European-countries. In 
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the United States it has been cultivated for many years. On the 
station plot there was a good stand produced, but the grass was soon 
run out by other plants. 

The Italian rye-grass (Loldwm italicum) was not tried at the station, 
but its characters are similar to those of perennial rye-grass. Both 
are short-lived perennials and are not well suited to permanent pas- 
ture. Where the climate is adapted to their growth, they have the 
advantage of giving an abundant early growth, for which reason they 
are to be recommended for mixtures, as they give a luxuriant growth 
the first season and then give way to the other grasses. The climate of 
Nebraska is too dry for successful results with these grasses. 

Lupines (Lupinus spp.).—None of the lupines has given satisfactory 
results in America. 

Bur clover (Medicago denticulata).—An annual clover, frequently 
erown for winter forage in the Southern States, but not suited to 
Nebraska conditions. The station plot produced a thin stand and 
unsatisfactory growth. 

Melica altissima.—A. fair stand was obtained, but it soon dis- 
appeared. 

White sweet clover or Bokhara clover (Melilotus albus).—An excel- 
lent legume for renovating clay lands, and fairly drought resistant. 
The great objection to its use as a forage plant in the West has been 
the fact that stock will not eat the plant. However, it is not infre- 
quently reported that it has been fed to stock with success. The 
foliage contains a bitter substance which is disagreeble to animals, 
and it seems necessary that the taste for the plant be acquired. It is 
reported by some that if stock are turned into a field early in the 
spring such a taste is easily acquired. The plant has not been suf- 
ficiently tested in Nebraska. Besides its possible forage value it isan 
excellent bee plant. 

Velvet bean (Mucuna utilis).—An annual legume which forms long 
trailing vines, and is much used in Florida for a green fertilizer and 
as a forage plant. It has been recommended for growing much 
farther north; but though it produces a good growth of vine it is less 
valuable than the cowpea for the same purpose. This has not been 
tested at the Nebraska Station. 

Sainfoin (Onobrychis sativa).—A legume cultivated in Europe and 
advertised by most seedsmen in this country. The results of the 
trials in Nebraska are too unsatisfactory to recommend it for use in 
that State. In fact, there has been little suecess with this plant any- 
where in this country. 

Panicum bulbosum.—A native hay grass of Texas, and quite prom- 
ising for cultivation in the Southwest, but Nebraska is evidently too 
far north for its successful growth. 
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Pearl millet ov pencilaria (Pennisetum spicatum).—A coarse annual 
forage plant, resembling sorghum. Some extravagant claims have 
been made for this plant, but though it has much to recommend it in 
the Southern States, in Nebraska it is inferior tosorghum. At the sta- 
tion, in 1908, it made a large growth of forage, but it was not of great 
food value. Fora full aecount of pearl millet the reader is referred 
to Farmers’ Bulletin No. 168, U.S. Department of Agriculture. 

Poa levigata.—TVhree years’ trials show that this grass would be 
excellent for pasture, but does not grow tall enough for hay. It 
showed great drought resistance during the dry period in 1901. 

Sacaline (Polygonum sachalinense).—This plant, which resembles a 
large smartweed, has been occasionally advertised by seedsmen, but it 
has no yalue as a forage plant in Nebraska. 

Burnet (Poterium sanguisorba).—A plant belonging to the rose 
family and used in Europe for pasture, for which purpose it has been 
recommended inthis country. The trials at the Nebraska Station show 
that the plant gave a fair stand and is able to resist the winter, and 
also seems fairly drought resistant. Nevertheless, its good qualities 
are not sufliciently marked to warrant its being recommended for 
Nebraska. The trials at other stations have resulted much the same. 
lor ordinary pasture purposes the growth is not sufficiently rank nor 
is the foliage as palatable to cattle as are the grasses. It may have a 
place as a constituent in sheep pasture upon sterile sandy or rocky soil 
in the Northeastern States, but in Nebraska it is not likely to be of 
much value. 

Slough-grass (Spartina cynosuroides).—A native grass, common in 
sloughs and marshes, that furnishes considerable coarse hay when 
mowed early. The grass is commonly used for thatching sheds and 
for topping haystacks. In the trials at the Nebraska Station the seed 
failed to germinate. 

Giant spurry (Spergula maxima).—This annual plant has some value 
for forage upon sandy land, but it is scarcely drought resistant enough 
for Nebraska. 

Sporobolus cryptandrus.—A grass especially adapted to sandy soils, 
and one of the common native grasses of the Sand Hill region. It 
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furnishes valuable grazing when young, but becomes dry and coarse 
by middle summer. At the Nebraska Station the seed did not germi- 
nate. 

Saccaton (Sporobolus wrighti/).—An important native forage grass 
of the Southwest, but not hardy as far north as Nebraska. There was 
no germination on the station plot. 

Crimson clover (Trifolium incarnatum).—An excellent annual clover 


for the middle South, but not hardy in Nebraska. 
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The following plants were sown, but gave negative results, beea 
the seed failed to germinate or gave only a thin or seattering stand: 


Agropyron dasystachyum. 


Agropyron dasystachyum subvillosum, 


Agropyron riparium. 
Agropyron vaseyi. 

Agrostis evarata, 

Alopecurus occidentalis, 
Atriplex holocarpa, 

Atriplex nuttalli. 

Atriplex pabularis. 
Beckmannia erucaeformis. 
Bouteloua polystachya. 
Bromus kalmi. 

Bromus vulgaris. 

Bromus richardsoni. 

Bromus richardsoni pallidus. 
Calamagrostis hyperborea americana. 
Dactyloctenium australense. 
Deschampsia czespitosa. 
Eleusine coracana, 

Elymus ambiguus. 


Elymus condensatus, 
Elymus glaucus. 

Elymus macouni. : 
Elymus simplex. 
Muhlenbergia gracilis. 
Panicularia americana, 
Panicularia nervata, 
Panicum obtusum. 

Phleum alpinum. 

Poa fendleriana, 

Poa leviculmis. J 
Poa lucida, 7 
Poa macrantha. 

Poa nevadensis. 

Poa pratensis var. {Washington beara ) 
Poa wheeleri. 

Polypogon monspeliense. 
Puccinellia airoides. 
Triodia mutica, 
Trifolium involucratum. 
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DESCRIPTION OF PLATES. 


Piare Ll. Frontispiece. Grass garden at the Nebraska Experiment Station. The 
forage plants are first tested on these plots, which are 3 feet square. Those 
which give favorable results are given a further trial on larger plots, some of 
which are seen in the background. 

Puare Il. An alfalfa plant from seed sown August 19, 1902, and dug up April 13, 
1903, showing the tubercles upon its roots by means of which nitrogen is gath- 
ered from the air. 

Piare Ill. Fig. 1.—Three plants of brome-grass (Bromus inermis) from seed sown 
August 19, September 19, and October 1, 1902, respectively. They were taken 
up and photographed April 13, 1908. The plant at the right from the last sow- 
ing had barely enough vitality to survive the winter. Fig. 2.—Three alfalfa 
plants from seed sown at the same date as the brome-grass, and also taken up and 
photographed April 18, 1903. A later sowing, October 21, was almost entirely 
winter killed, as the young plants had not sufficient vitality to withstand the 
cold. - 

Puare LV. Fig. 1.—Plots of Bromus inermis showing the effect of fertilizers. The 
plot at the left is a mixture of brome-grass and alfalfa; the plot at the right is 
brome-grass fertilized with sodium nitrate; the plot in the center is brome-grass 
alone and unfertilized. The effect of an admixture of alfalfa is about the same 
as an application of sodium nitrate. This seems to indicate that the brome- 
grass is able to share with the alfalfa the nitrogen which the latter obtains from 
the air. The plots were sown April 21, 1899, and photographed June 12, 1903. 
Fig. 2.—A pasture containing orchard grass, showing the growth of this grass 
upon low land. The pasture was seeded in 1898 with several grasses, among. 
which was orchard grass, but in this part of the field the latter was especially 
rank. The photograph was taken in June, 1901. 

Piare V. Fig 1.—A field of brome-grass sown in the spring of 1898 and broken in 
the fall of 1901. The picture was taken in January, 1902. Brome-grass forms 
a thick, firm sod, resembling that of native prairie. Fig. 2.—A field of brome- 
grass. The seed was sown in the spring of 1902, and the picture was taken June 
15, 1903. 

Puare VI. Fig. 1.—A field of side-oats grama (Bouteloua curtipendula) just before 
ripening. The seed was sown in the spring of 1900, and the photograph taken 
July 17, 1902. Fig. 2.—A field of wild rye (Elymus canadensis). The seed was 
sown in the spring of 1901, and the photograph taken July 17, 1902. 
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ALFALFA, SHOWING NITROGEN-GATHERING TUBERCLES. 
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Fic. 1.—BROME-GRASS PLANTED IN THE AUTUMN. 
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FiG 2.—ALFALFA PLANTED IN THE AUTUMN. 
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Fic. 1.—BROME-GRASS, FERTILIZED AND UNFERTILIZED. 
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Fic. 1.—BROME-GRASS. NEWLY TURNED Sob. 


Fic. 2.—BROME-GRASS. A HAy FIELD. 
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Fig. 1.—SIDE-OATS GRAMA, GROWN FROM SEED. 
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ELYMUS CANADENSIS, GROWN FROM SEED. 
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PREFACE. 


Growers of the calla lily have suffered serious losses for several 
years from a soft rot which frequently destroys the plants just before 
or during the flowering period. <A bacillus has been separated from 
the decayed portion of the calla in pure cultures and by repeated inocu- 
lations has been shown to be the cause of this destructive disease. 

In addition to the principal morphological and physiological char- 
acters of the organism which are described in this bulletin, several 
preventive measures are suggested which have been found to be 
satisfactory in holding the disease under control. As the bacillus 
producing this disease is also capable of attacking many of our food 
plants, growers of vegetables should guard against any possible con- 
tamination of the soil with it. 

A. F. Woops, 
Pathologist and Physiologist. 
OFFICE OF VEGETABLE PATHOLOGICAL 
AND PHYSIOLOGICAL INVESTIGATIONS, 
Washington, D. C., March 30, 1904. 
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eourt KOOP THE CALLA CILY, 


INTRODUCTION. 


Under favorable conditions the calla lily has heretofore been one of 
the most satisfactory plants produced either in the open or under 
glass. In most parts of the United States the calla will grow out of 
doors and will live and thrive from year to year even in the northern 
latitudes, especially if the corms” are protected during the winter 
season. As a marketable product, however, it is more profitable if 
grown under glass, where under proper conditions the plants may be 
forced and the flowers consequently produced in great abundance at 
the time when they will be in greatest demand. It is under these con- 
ditions of forced growth that the plants seem to be 1aost susceptible 
to disease. 

The profits which arise from calla growing are derived either from 
the sale of the corms or of the flowers, or from both. A bed of a 
thousand corms, for example, will under normal conditions produce 
5,000 flowers, which ordinarily will sell for about $1,000. The corms 
are grown either in solid beds or in pots. Asa rule the best results 
both as regards the size and the number of flowers produced are 
obtained from the solid bed. The flowers are always delicate and can 
not be satisfactorily shipped long distances, while the corms, on the 
other hand, may be transported for thousands of miles without injury. 

There are several diseases to which the calla is susceptible, but the 
most serious one with which the growers have had to contend is the 
soft rot that forms the subject of this bulletin. This disease has 
recently made its appearance in the various parts of the United States 
where callas are cultivated and has caused enormous losses to the 
growers, rendering the production of this hitherto profitable plant 
very uncertain. 

The soft rot of the calla was brought to the attention of the writer 
in the autumn of 1899, and it has been under his observation and 
study since that time. While there are some points that need further 


«The true botanical name corm is used in this bulletin instead of the common but 


incorrect term /u/h. 
ll 
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investigation, it has been deemed best to place the following results 
before the public, with the hope that the suggestions herein contained 
may be of value ,to the industry. 


CAUSE OF THE CALLA ROT. 


Upon examining microscopically the decayed portions of the calla 
corms myriads of bacteria were found to be present. In order to 
obtain cultures of the organism in the best possible condition a partly 
decayed corm was thoroughly washed with tap water, then with cor- 
rosive sublimate (1 part in 1,000), and afterwards with distilled water. 
A small opening was then made with a sterile knife through the sound 
part of the corm into the inner marginal part of the decayed spot. A 
little of the soft tissue just at the border between the decayed and 
healthy portions of the corm was obtained on a sterile needle and 
placed in sterile beef broth. Agar plates were then made from this 
culture, and but one kind of colony was obtained, indicating that the 
organism was present in the recently decayed portion of the corm in 
a pure culture. A few days after the colonies had formed, subcultures 
were made in beef broth and minute portions of these were introduced 
into various parts of healthy callas. The inoculations were made by 
placing a drop of the beef-broth culture on the part of the plant to be 
inoculated, and with a sterile needle punctures were made through 
these drops into the tissues of the plants. For control, punctures 
were made in similar parts of healthy plants without adding the broth 
culture. In a few days the inoculated spots had turned brown and 
decay had begun, while the controls in all cases remained healthy. 
Plate cultures were again made from the inoculated spots after decay 
had begun, and apparently the same organism in pure culture was 
obtained. This process was repeated many times—i. e., until there was 
no doubt that this organism was the cause of the soft rot of the calla. 

Upon looking up the literature regarding calla diseases it was found 
that Halsted had discovered a soft rot of the calla corm in 1893.4 
Although Halsted’s description is very brief, he undoubtedly refers to 
the same disease as that which forms the subject of this bulletin. He 
ascribes the cause of the affection to a bacterium which is found in 
great abundance in the diseased portions of the corm. A disease of 
similar nature is also mentioned by Selby.’ This is referred to as a 
root rot of the calla, and as no description is given either of the dis- 
ease or of the organism producing it, it is impossible to determine 
whether this.is the disease now under consideration. The soft rot of 
the calla and the organism producing it have been observed by Dr. 
Erwin F. Smith, the pathologist in charge of the laboratory of plant 
pathology of the United States Department of Agriculture, and by Mr. 


“Diseases of Calla. New Jersey Experiment Station Report for 1893, p. 399. 
®Selby. Calla. In Condensed Handbook of Diseases of Plants in Ohio, 1900, p. 21. 
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Newton B. Pierce, the pathologist in charge of the Pacific coast labo- 
ratory of the Department, and probably by others, but so far as can 
be determined it has not hitherto received careful investigation. 


GENERAL APPEARANCE OF THE DISEASE. 


Several greenhouses where the disease was reported to be present 
were visited by the writer, who found the callas rotting off usually at 
or just below the surface of the ground, the disease sometimes extend- 
ing down into the corm, sometimes upward into the leaves, and fre- 
quently in both directions. Occasionally the disease seemed to start 
in the edge of the leafstalk (fig. 1), in the flower stalk, or in some under- 
ground part of the corm, though 
as a rule it started at the top of 
the corm just above but near the 
surface of the ground. It was 
also noticed that the disease was 
worse and spread more rapidly 
in those houses where the callas 
were grown in solid beds. 

When a diseased corm was cut 
open it was found that there was a 
distinct line between the healthy 
and the diseased portion of the 
corm (fig. 2). The healthy por- 
tion of the corm is firm and nearly 
white, while the diseased part has 
a decidedly brown color and is soft 
and watery. When the disease 
extends upward into the leaves it 
is the edge of the petiole that Retr . 
first becomes involved, the affected Fic. 1.—A slightly diseased calla plant. 
part becoming slimy without im- 
mediately losing its green color. As the disease progresses it extends 
inward toward the center of the petiole and interferes with the trans- 
ference of material between the corm and the leaf, the edges of the 
leaf becoming pale, then brown. Pale spots becoming brown then 
appear in other parts of the leaf blade, and finally the whole leaf 
becomes brown and dead. Frequently the disease develops so rap- 
idly that the leaf rots off at the base and falls over before it has time 
to lose its green color. When the disease has progressed far enough 
to attack the flower stalk, the flower turns brown and the stalk, 
without having lost its color and frequently without having decayed 
upward more than a fraction of an inch, eventually falls over. When 
the disease works downward through the corm it sooner or later 
reaches the roots, which become soft and slimy within, while the epider- 
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mis remains intact, thus presenting the appearance of thin-walled tubes 
filled with a soft substance. The roots remain attached to the corm and 
eventually the slimy contents dry up and only the dead skin of the roots 
remains. When the disease begins its attack below the surface of the 
eround the lower portion of the corm frequently rots away, causing the 
plant to fall over without having previously given any indication of dis- 
ease. An examination of the decayed corm shows that only a small part 
of the upper portion oft the corn, with ra few side roots. remains. The 


Fic. 2.—A partly decayed calla corm. 


latter become less and less numerous as the disease advances, until at last 
they are unable to support the weight of the leaves and flower stalks. 

If the conditions for the development of the disease are unfavorable 
after the corms are affected, the softened spots will dry down, sinking 
below the surrounding portion of the corm and becoming darker col- 
ored. In these spots the disease will often remain dormant until the 
conditions for the development of the organism ‘again become favor- 
able. In this way the disease is carried over from season to season, 
and it may be transported long distances. 


qn 


EFFECT ON THE OALLA. l 
EFFECT OF THE ORGANISM ON THE CALLA. 


As already stated, the part of the plant usually attacked first is the 
upper portion of the corm at or just below the surface of the ground. 
A microscopic examination of the affected part, whether root, corm, 
leafstalk, or flower stalk, shows that the organisms occupy the intercel- 
lular spaces and by some means dissolve the intercellular layer, causing 
the cells to separate easily, so that when the diseased tissue is placed in 
a liquid each cell floats out by itself. The cell wall, however, remains 
intact, but the cell contents are contracted. The rapidity with which 
the disease advances depends to a large extent upon the external con- 
ditions surrounding the plants. Under favorable conditions—a warm 


Fic. 3.—Calla leaf twenty-two Fic. 4.—Calla flower stalk twenty-two hours after 
hours after inoculating with inoculating with the calla organism. The point 
the callaorganism. The point of inoculation is shown by X. 


of inoculation is shown by X. 


atmosphere and an abundance of moisture—the disease may-completely 
rot the corm in from three to four days, while under less favorable 
conditions it may be several weeks in destroying the corm, or, indeed, 
the progress of the disease may be entirely arrested for a period of 
several months. While the organism usually attacks the corm first, 
it may also attack either the leafstalk or the flower stalk and cause it 
to become discolored and decayed. (See figs. 3 and 4.) 


MORPHOLOGICAL CHARACTERS OF THE ORGANISM. 


The organism which causes the rotting of the calla corm is a very 
short rod, with rounded ends, as shown in figure 5, and also in 
Plate II, figure 1. The width of the rods is very nearly uniform. 
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In a 24-hour-old beef-broth culture they measure about 0.5/4 in width. 
In the same culture the length varies from 2/4 to a The very short 
ones, as shown by the measurements, are round, or nearly so; these 
eventually elongate, becoming rods. After the organisms have elon- 
gated, cross walls are formed and as a rule they soon 
break in two, forming separate organisms; but occa- 
sionally they remain intact until a long chain is formed, 
which may finally break up into individual cells (Pl. I, 
‘, fie. 1). This organism moves with a gliding motion, 
(os ngarrsg and upon staining for flagella it is found to possess 
aboutsoo, trom two to eight wavy flagella scattered over the sur- 

face of the body (PI. IL. fig. 1). The flagella vary in 
length from 4/¢ to 18, i. e., two to six times the average length of the 
body. No spores belonging to this organism have been found in any 
of the artificial cultures or in the diseased plants. 


gella x 


PHYSIOLOGICAL CHARACTERS OF THE ORGANISM. 


Certain physiological characters of the organism have been deter- 
mined by growing it on different media and under various conditions 
of light, hes at, etc., as described in the following pages. 


NUTRIENT MEDIA. 


In studying the physiology of this organism the following media 
have been used, viz, beef broth, agar, gelatin, Uschinsky’s solution, 
Dunham's peptone solution, peptone water with rosolic acid, peptone 

water with methylene blue, simple peptone water,“ milk, litmus milk, 
indigo-carmine peptone, ‘ind egg albumen. All these ouliaee moda 
were carefully prepared. The beef-broth stock was made from lean 
beef, the chemicals were ‘*c. p.,” and only distilled water was used. 
In addition to these media the following vegetables and fruits were 
used, viz, potatoes, onions, turnips, celery, cucumbers, peppers (green 
fruits), pieplant, beets, radishes, cauliflower, cabbage, eggplant, toma- 
toes, salsify, carrots, parsnips, apples, pineapples, and bananas. 

In nearly all cases both the fruits and vegetables were used raw, 
but in some instances the vegetables were cooked. Usually the raw 
fruits and vegetables were sterilized by removing the outer layer with 
a sterile knife and washing thoroughly with corrosive sublimate (1 
part in 1,000) and then with sterile water. They were then cut in 
thick slices and placed in deep petri dishes and inoculated with one or 
more loops of a 24-hour beef-broth culture of the organism. When 
the vegetables were cooked they were cut into cylinders and placed in 
test tubes with distilled water, then thoroughly sterilized, and when 
cool inoculated wath fresh cultures of the organism. 


a W itte’s eo ae siccum was the only peptone used. 
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Beef-broth.—Ten cubic centimeters of standard beef broth inoculated 
with a 1l-mm. loop of a fresh culture fluid of the organism was dis- 
tinctly clouded in from four to eighteen hours at a temperature of 35” 
to18° C. If the temperature was raised or lowered through several 
degrees above or below the limits indicated or if the inoculation was 
made from a less active culture, the clouding took place less rapidly. 
Indeed, the clouding was delayed indefinitely by lowering the tem- 
perature to 5° C. or by raising the temperature to 41° C. If the 
beef broth was kept at room temperature (L8” to 24° C.) the organ- 
ism remained alive for several weeks and a nearly white deposit 
several millimeters in depth formed in the bottom of the tube. 

Agar plate cultures. —On the ordinary nutrient agar poured plates 
made from a 24-hour-old beef-broth culture colonies were distinctly 
visible in twenty-four hours at room temperatures of 18° to 20° C., 
and plates made in the same way and kept at 30° to 35- C. showed 
colonies distinctly in from fifteen to eighteen hours. The form and 
size of the colonies on the agar plates depended upon certain condi- 
tions—e. g., if the colonies were numerous they were small and round, 
while if there were but few colonies in each plate they were some- 
times round and sometimes radiating. They were usually radiating 
if the plates were made from fresh cultures and kept at a temperature 
of from 22° to 85° C. On the other hand, if the plates were made 
from an old culture or if they were kept at an abnormally high or an 
abnormally low temperature the colonies were round, even if there 
were but few in each plate, Agar plate cultures made from Uschin- 
sky’s solution or broth cultures that had been kept dormant for sey- 
eral months produced round colonies, but after a few transfers from 
the dormant state to fresh media the agar plate cultures became char- 
acteristically radiating (PI. I], figs. 2, 3, 4, and 5, and Pl. ILI, fig. 1). 

The foregoing applies to the surface colonies, but in addition to 
these there were some embedded colonies in practically all poured 
plates. The embedded colonies were all spindle shaped unless viewed 
end on, when they appeared to be round, with sharp, distinct out- 
lines. They had a faint yellow tinge, and were much smaller than the 
surface colonies. If the embedded colonies broke through the sur- 
face, they spread out and behaved in the same manner as if they had 
been originally surface colonies. (See the small colonies on PI. I, 
figs. 2 and 5.) Some of the colonies lying at the extreme bottom of 
the agar—i. e., between the agar and the bottom of the petri dish— 
spread out, forming a thin layer which eventually gave to the plate a 
milky appearance when held up to the light. (See Pl. Il, fig. 2, and 
Pl. Ill, fig. 2.) The surface colonies, whether round or radiating, 
had a shiny white surface and were only slightly opalescent. If radi- 
ating, they usually had a central body, from which the branches radi- 
ated (Pl. IIL, fig. 1). The central body was more dense than the arms 
or branches and the whole colony was slightly elevated above the sur- 
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face of the agar. The outlines were sharp and when magnified 125 
times the 48-hour-old colonies had a granular appearance. 

Agar streak cultures.—I\n addition to beef broth, peptone, ete., some 
of the agar tubes contained 5 per cent of grape sugar and others con- 
tained 5 per cent of glycerin. ‘These were slanted and inoculated by 
dipping a sterilized needle in a 24-hour-old beef-broth culture and 
drawing it lightly over the surface of the slant agar. Streaks became 
distinctly visible in twenty-four hours at 20° to. 25° C. in all the 
tubes inoculated. The outlines of the streaks were entire at first, 
but became more or less irregular in from two to four days at 18° to 
25° C. Growth was elevated above the surface of the agar and had a 
shiny appearance, as if wet. It was of a white or grayish-white color 
and did not discolor the agar nor tend to grow into it. The condensa- 
tion water became distinctly milky and more or less deposit was 
formed in it. On the other agars the organism remained alive for 
several months at room temperatures (20° to 25° C.) if the culture was 
not allowed to become dry. 

Agar stab cultures. —At room temperatures (20° to 25° C.) growth 
was apparent in from eighteen to twenty-four hours near the top of 
the stab, and within twenty-eight hours it was distinctly visible 
throughout the entire length of the stab. The stab increased in size 
from day to day and in a week was from 1 to 2 mm. in diameter, 
slightly tapering toward the bottom. The ‘‘ nail head” gradually 
increased in size and in from three to five days covered the surface of 
the agar in the tube. This growth was slightly elevated, grayish- 
white, with a wet, shining surface and an entire margin. It was 
thicker in the center, forming a convex layer on the agar. Growth 
continued for several weeks, with no change in the color of the agar 
and no change in the stab or line of growth except that it gradually 
increased in size, retaining its tapering form and its slightly serrate 
outline with no elongated projections into the agar. 

Beef agar, with tron sulphate.—Several slant tubes containing 10 ec. ¢. 
of nutrient agar plus 1 drop of a saturated solution of ferrous sulphate, 
and several slant tubes containing 10 ¢c. ¢. of nutrient agar plus 2 drops 
of the iron sulphate solution, were inoculated with a fresh culture of 
the calla organism, while several tubes of each were left for control. 
In forty-eight hours the organism had spread over the surface of the 
agar in all inoculated tubes and the inoculated surfaces showed a copi- 
ous growth for several weeks, but no change was produced in the 
color of the medium. 

Gelatin stab cultures.—These cultures were made with gelatin of dif- 
ferent kinds. The first was —100n Fuller’s scale, the second was neu- 
tralized with sodium hydroxid, while the third was the same as the 
second except that another kind of gelatin was used. Growth was 
apparent within twenty-four hours (at 18° to 22° C.) in all the tubes — 
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inoculated. At the end of twenty-four hours the stabs were distinctly 
visible prabegnen their entire length in all the inoculated tubes (PI. 
IV, fig. 1, A). In forty-eight hours from the time of inoculation the 
Gelatin 3 in ‘all the tubes began to liquefy (PI. LV, fig. 1, B). Liquefae- 
tion advanced most rapidly in No. 8 and least rapidly in No. 1. In 
three days No. 3 had entirely liquefied, and in five days No. 1 and No. 
2 had also liquetied (PI. LV, fig. 1,C). After the gelatin had liquefied 
a cloudy mass floated about in the clear liquid. This finally settled, 
forming a copious white deposit. The deposit was most abundant in 
No. 38, but in No. 1 it formed a layer from 2 to 5 mm. deep. 

ligg albumen.—Several tubes of solidified egg albumen were inocu- 
lated with a fresh culture of the organism, but only a feeble growth 
appeared and no change had been produced in the color of the 
albumen at the end of eight weeks. 

Milk.—This medium was sterilized by heating for ten minutes at 
100° C. ina steam sterilizer on three successive days, the mill having 
been previously placed in test tubes (10 c. ¢. in es a tube), and the 
tubes closed with cotton plugs. The milk was inoculated by placing 
a 1-mm. loop of a 24-hour-old beef-broth culture in each of several of 
the tubes. The curdling of the milk began to take place in from two 
to three days in all parts of the inoculated tubes. Two days later the 
entire 10 c. c. of milk was solidified and a layer of whey about 1 mm. 
deep rested upon the top of the curd. These experiments were 
repeated from time to time, with the same results. Whey continued 
to be separated for several days until from one-third to one-half the 
space formerly occupied by the milk was occupied by the liquid; but 
no abnormal coloring was produced in any of the tubes. None of the 
control tubes curdled in any case. 

Litmus miltk.—This medium was prepared in the same manner as 
the milk, except that a few drops of strong litmus solution were added 
to each tube of milk before sterilizing. Several of the tubes were 
inoculated with a 1-mm. loop of a 24-hour-old beef-broth culture. 
Within forty-eight hours the blue began to give way to a reddish color 
near the surface, which within three days had extended throughout 
the inoculated tube. At the end of five days from the time of inoeu- 
lation the red color had decidedly faded throughout, so that the tubes 
that were litmus blue when inoculated were now only faintly pink, and 
the milk had curdled throughout. The curdling of the milk and the 
separation of the whey took place in the same manner as if the litmus 
had not been present. In nine days even the pink color had dis- 
appeared, with the exception of a faint rim near the surface. These 
discolored litmus tubes were then allowed to stand until the organism 
had died. The red litmus color, eventually becoming blue, gradually 
returned, although the milk remained curdled and the whey separated— 
about one-half whey and one-half curd. 
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Litmus milk in nitrogen.—It was noticed that the litmus milk tubes, 
whether they had been inoculated or not, contained a deposit of blue 
litmus. The calla organism that bleached the litmus in the milk failed 
to attack this deposit, so that it remained blue. It was suggested that 
the milk possibly contained an anaerobic bacterium that was not 
destroyed by sterilizing and that it favored the formation of the blue 
deposit. The two control tubes of litmus milk were placed in a bottle 
holding about a quart. The bottom of the bottle was covered with 
pyrogallic acid (powder) to a depth of about one-half inch. To this 
50 c. c. of a 10 per cent solution of caustic potash were added, and 
the bottle was quickly sealed with Darwin’s wax. ‘The mixture was 
shaken for some time to enable it to take up the oxygen without form- 
ine much carbon monoxid. If the deposit were due to an anaerobic 
bacterium, it should increase farther up in the tubes. At the expiration 
of twelve months the jar was opened. A lighted match thrust just 
below the level of the opening in the jar was immediately extinguished, 
showing that the jar still contained nitrogen and had not allowed oxy- 
ven to enter during this time. An examination of the tubes showed 
that the blue deposit had not changed. This indicated that the deposit 
was undoubtedly a mechanical one and was not due to the presence 
of an organism. ‘The inoculated tubes that were left in the ordinary 
air oradually regained their blue color after the organism died. The 
return of the color (first red, then blue) was apparent whether the 
organisms were left to die of their own accord or whether they were 
destroyed by heating; e. g., if an inoculated litmus tube had entirely 
faded and was then heated for ten minutes at 100° C., the color 
returned within twenty-four hours. 

Uschinsky’s solution. —Several tubes of Uschinsky’s solution were 
inoculated with a 1-mm. loop of a 24-hour-old beef-broth culture. 
Seventeen hours later at 25° C. all inoculated tubes were slightly 
clouded. Thirty-six hours after inoculation the tubes were decidedly 
clouded throughout, with a slight whitish deposit in some of them. 
The cloudiness was not uniform in all parts of the same tube, but was 
somewhat stratified. Both the cloudiness and the deposit increased 
from day to day, until-at the end of one week the solution was uni- 
formly clouded, milk-white, with a copious white deposit in the bot- 
tom of the tube. Even at the end of three months at normal room 
temperatures the organism was still alive, as indicated by the fact that 
the tubes were still clouded and a 1-mm. loop placed in beef-broth 
caused a distinct clouding in twenty-four hours. At this time the 
precipitate was 3 mm. deep. Plating and inoculating into callas 
showed it to be the calla organism. This experiment was repeated 
several times with identical results both in regard to the clouding of 
the Uschinsky solution and the longevity of the organism in this 
medium. 
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Dunham's solution. —Several tubes 6f Dunham’s solution were inoc- 
ulated with a l-mm. loop of a 24-hour-old culture of the calla-rot 
organism in beef broth. In twenty-four hours at 20° C. a faint cloudi- 
ness was perceptible. This increased slightly from day to day for 
about six days. The temperature during this time ranged from 18” 
to 25° C. The cloudiness then seemed to remain practically constant 
for about one week. <A deposit was gradually formed, and in one 
month from the time of inoculation the solution became almost clear, 
showing that the organism had ceased to live. The deposit formed 
was about 1 mm. in depth and had a faint brownish tinge. 

Dunhan’s solution, with acid fuchsin. —This solution was inoculated 
the same as above. At the end of one week the solution in the inocu- 
lated tubes was lighter colored than in the control tubes. At the end 
of one month after inoculation the bleaching seemed to have ceased. 
The organisms were nearly all dead, as indicated by the fact that the 
liquid was practically clear. While the solution in the inoculated 
tubes was somewhat pinkish in color, it was decidedly lighter than the 
solution in the control tubes. The deposit was the same in color and 
in quantity as in the Dunham solution given above. 

Dunham's solution, with indigo-carmine.—Sterile tubes of this solu- 
tion were inoculated in the same manner as the Dunham’s solution. 
\n two days the inoculated tubes were slightly blue when seen by 
reflected light. This color deepened from day to day for about one 
week, after which time it remained practically constant. The inocu- 
lated tubes were only slightly clouded at the end of two weeks, and a 
small quantity of deposit with a faint brownish tinge had formed in 
the bottom of the inoculated tubes. 

‘eptone solution, with rosolic acid.—A nutrient solution containing 
rosolic acid was inoculated with a 1-mm. loop from a 24-hour-old beeft- 
broth culture, and at the end of one week the solution had a milky 
appearance, due to the presence of a large number of organisms. Ten 
days later there was no change, except the formation of a small 
amount of white deposit. At the end of thirty days after inoculation 
the tubes were still slightly clouded, but no change in color was 
apparent. The deposit had increased and had assumed a faint brown- 
ish tinge. 

Dunhan’s solution, with methylene blue.—Two preparations con- 
taining peptone and methylene blue were used. The first consisted of 
a 1 per cent solution of Witte’s peptone, to which was added 0.5 per 
cent c. p. sodium chlorid and 3 ¢. c. of a1 per cent aqueous solution 
of methylene blue. Sterile tubes of the solution were inoculated 
with pure 24-hour-old beef-broth cultures of the calla-rot germ. 
These inoculated tubes were compared with the controls for two 
months subsequent to inoculation, but no change in color could be 
detected. 
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The second preparation was ‘the same as the first, except that it con- 
tained | per cent of grape sugar. Three days after inoculation there 
Was no apparent change in color, but at the end of five days the inoc- 
ulated tubes had a greenish tinge. This became more distinet from 
day to day for several weeks, and at the end of two months the inocu- 
lated tubes were entirely green, while the control tubes remained blue. 
The blue color of the inoculated tubes was not restored upon shaking. 

Steamed potato cylinders.—Potato cylinders were sterlized by steam- 
ing on three consecutive days in the sterilizer. Some of these were 
inoculated with a l-mm. loop of a 24+-hour-old culture of the calla-rot 
organism in beef broth. Twenty-four hours after inoculation the 
organism had spread over about two-thirds of the slant surface of 
the inoculated cylinders. The rate of growth was slow as compared 
with that on other media. The surface of the growth had a shiny 
appearance and a faint tinge of yellow which corresponded very closely 
to Ridgway’s Cream Color, No. 20, Plate VI, or Saccardo’s Cremeus, 
No. 27, Table I]. The inoculated cylinders began to turn gray toward 
the inoculated ends. Even in twenty-four hours the discoloration 
extended from one-third to two-thirds of the length of the cylinders. 
The color deepened from day to day until at the end of two weeks the 
upper ends of the cylinders were distinctly brown, the color fading 
into a gray toward the lower ends of the cylinders. All the many 
inoculated cylinders retained their shape, and the control cylinders 
remained firm and white throughout the experiment. 

In testing the potato cylinders for starch the reaction was immedi- 
ate in both the inoculated and the control cylinders and the color 
was nearly the same, but less purple and more blue in the control 
than in the inoculated tubes. These tests were made at the end of 
the second week and later. The odor of the inoculated cylinders at 
the end of two weeks was sour and disagreeable, resembling spoiled 
paste. 

Raw potato.—A fairly smooth potato was selected and thoroughly 
washed with tap water to remove the surface dirt. It was then 
washed with distilled water and the surface was sterilized with a solu- 
tion of corrosive sublimate (1 part in 1,000), after which it was rinsed 
with sterile water. It was then cut with a sterilized knife into 
slices about 2 cm. in thickness. Each slice was divided into four 
parts and placed in a deep sterilized petri dish. Several petri dishes 
were prepared in this manner. Two of the pieces in each were inocu- 
lated with a 24-hour-old beef-broth culture of the calla organism by 
placing several drops of the beef-broth culture on the surface of the 
pieces and then stabbing through these drops into the potato witha 
sterile needle. Two pieces were left for control. In twenty-four — 
hours the inoculated and control pieces showed a slight discoloration 
owing to the action of the air, but only the inoculated pieces decayed. — 
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At the end of five days the decayed portions closely resembled Kidg- 
way’s Broccoli Brown, No. 15, Plate Ill. It was not quite as dark as 
Saccardo’s Umbrinus, No. 9, Table I. The inoculated pieces had the 
odor of decaying vegetables and were alkaline to litmus. 

Raw eggplant. —< ripe fruit of the eggplant was obtained from the 
market, the surface was washed and sterilized as described above, 
and it was then cut with a sterile knife into slices of thickness suitable 
for placing in petri dishes. In some instances the slices were pared 
witha sterile knife so as to remove the outside skin, and in other cases 
the skin was left on. All slices were cut into four pieces, two of 
which were inoculated with a 24-hour-old culture of the germ in beef 
broth and two were left for control. Within eighteen hours at from 
20° to 24° C. the inoculated pieces were discolored, and in forty-eight 
hours the discoloration had extended entirely through them. In three 
days some of the inoculated pieces were somewhat split and shrunken, 
as shown in Plate IV, figure 2. In color the interior—i. e., the part 
that was the center of the fruit—was Broccoli Brown, No. 15, Plate 


II, of Ridgway’s tables, a little lighter than Saccardo’s Umbrinus No. 


9, Table I. The portion toward the margin was nearly Clove Brown, 
No. 2, Plate IL], Ridgway’s tables, or a little darker than Saccardo’s 
Castaneus, No. 10, Table I. There was no sharp line between these 
two shades of brown, but one graded into the other. The inoculated 
pieces at the end of three days had a decidedly soapy odor and the 
reaction was alkaline to litmus. The checks remained perfectly sound. 

Raw cauliflower.—A large head of cauliflower that had been three 
weeks in cold storage was obtained from the market. A portion of 
the main stalk was thoroughly washed with corrosive sublimate, and 
then with sterile water. With a sterile knife the outside was pared 
off and the remaining part was then cut into slices that could be con- 
veniently placed in petri dishes. These were then inoculated with 
the calla-rot germ from a pure culture in beef broth, leaving a num- 
ber of pieces for control. The culture used in this case was three 
days old. In twenty hours at 20° to 24° C. the inoculated pieces 
began to show a faint discoloration, turning slightly brown. This 
continued until at the end of about two and a half days the whole of 
each piece inoculated had become discolored. At this time the inocu- 
lated pieces were decidedly alkaline in reaction, gave a very strong 
odor of decaying vegetable matter, and on comparing with Ridgway’s 
plates the color was found to correspond very closely to the Ecru 
Drab, No. 21, Plate III, or to Saccardo’s Avellaneus, No. 7, Table I. 
The control pieces were still healthy. In several cases the inoculations 
did not take. Several branches from the head were sterilized and the 
lower part was inoculated with the same germ. In all these cases the 
inoculation was successful, with the same characteristic odor, color, 
and reaction. 
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Raw radish.—sSeveral red, so-called ** white tip,” round radishes 
were obtained from the market. These were washed and the surfaces 
sterilized in the same manner as the raw potatoes. They were then 
pared with a sterile knife, cut in half, and placed in petri dishes, four 
halves in each dish. Immediately after preparing these specimens, 
two in each dish were inoculated with the calla-rot organism, using a 
24-hour-old beef-broth culture, and in eighteen hours at 20° to 25° C. 
all the inoculated pieces showed slight discoloration. In forty-eight 
hours the disease had advanced so that the whole of each inoculated 
piece was discolored. None of the uninoculated pieces showed any 
signs of disease. Some of the inoculated pieces were inoculated by 
contact and others by stab. The disease progressed as rapidly in 
the contact as in the stab cultures. The inoculated pieces only were 
affected; color, Cinnamon, No. 20, Plate 111, Ridgway, a little lighter 
than Saceardo’s Umbrinus, No. 9, Table I. In reaction the discolored 
pieces were strongly alkaline to litmus, and had the very disagreeable 
odor of decaying vegetables. All the inoculated pieces were involved 
(see Pl. V, fig. 1), gradually disintegrated, and settled down upon the 
bottom of the petri-dishes, as shown in Plate V, figure 2. 

Raw cucumbers, sliced.—A green cucumber about 5 inches in length 
was thoroughly washed with distilled water and the surface sterilized 
with corrosive sublimate (1 part in 1,000). The outer rind was peeled 
off with a sterile knife, and the material was then cut into slices from 
1} to 2 em. in thickness. Each slice was divided into two parts and 
placed in sterile petri dishes, four pieces in each dish. Two of these 
pieces in each dish were inoculated with the calla disease germ, using 
a 24-hour-old beef-broth culture. All the inoculated pieces began to 
show slight discoloration in eighteen hours at 20° to 25° C., and in 
forty-eight hours the disease had progressed rapidly, having discolored 
in some cases the whole of each inoculated piece. The color of the 
inoculated pieces at this time was light brown or yellowish, closely 
resembling Ridgway’s Butt, No. 13, Plate V, or Saccardo’s Ochroleucus, 
No. 28, Table II. The inoculated pieces had a peppery, pungent odor, 
and were strongly alkaline to litmus. 

Raw cucumbers, whole.—The effect of the calla germ on whole 
cucumbers fresh from the vines was tried by taking nearly ripe cucum- 
bers, sterilizing a spot near the stem by washing with corrosive subli- 
mate (1 part in 1,000), and then washing with sterile water. Several 
punctures were made in the sterilized spot with a sterile needle to the 
depth of from one-half to 1 inch, and two 1-mm. loops of a 24-hour- 
old beef-broth culture of the calla organism were applied to the sterile 
surface over the punctures. For control several cucumbers were 
treated in exactly the same manner, except that the organism was not 
applied. At the end of twenty-four hours at 20° to 25° C. a watery 
spot about one-half an inch in diameter appeared around the punctures 
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in the cucumbers that were inoculated. In three days from the time 
of inoculation the cucumbers were soft about one-half their length, 
and in five days they were soft throughout. The skin, however, 
remained intact, so that the inoculated cucumbers represented closed 
sacks containing a watery, pulpy mass (Pl. VI). If an opening were 
made in the sack the contents would flow out, leaving a semitranspar- 
ent bag which could be filled with water and handled. All controls 
remained entirely unaffected. A drop of the watery substance from 
one of the inoculated cucumbers placed under a low power of the 
microscope showed that the cells had hecome separated so that each 
individual cell floated out by itself. The cells themselves were not 
collapsed, however, showing that the action of the organism had been 
upon the lamella connecting the cells, causing them to dissolve. This 
action was apparent not only upon the cucumber but upon all the raw 
vegetables which were rotted under the influence of this organism. 
The color of the cucumbers, both upon the surface and in the interior, 
remained unchanged. The odor of the soft contents of the inoculated 
cucumbers was strikingly like that arising from cucumbers that some- 
times soften when pickled in brine. The reaction was distinctly acid 
to litmus. 

To determine whether the organism that had caused the softening 
of the inoculated cucumbers was the calla-rot germ, a spot was steril- 
ized on the surface of one of the soft cucumbers before the skin was 
broken. With a sterile needle a puncture was then made in the ster- 
ilized spot in the skin and a loop of the soft interior was removed 
with a sterile needle and placed in 10 ¢. c. of beef broth. In the 
usual way eight poured plates of beef agar were at once prepared 
from the dilutions of this beef-broth culture. In from twenty-four to 
forty-eight hours at 20° to 25° C. colonies appeared in all the plates. 
These colonies were all radiating and were alike in all respects, indi- 
cating that the cucumber contained a pure culture of an organism 
similar at least to the calla-rot germ. Twelve callas were inoculated 
with 24-hour-old beef-broth cultures made from these colonies, and in 
twenty-four hours the characteristic calla rot appeared in all cases, 
as indicated in the watery discoloration around the inoculated spots 
and by the subsequent decaying of the parts inoculated. In twenty- 
four hours more the inoculated leaves had entirely rotted off. The 
only part of the interior of the inoculated cucumbers not softened was 
the portion immediately beneath the spot sterilized for inoculation 
(Pl. V1, A). Here the interior remained firm, sometimes to a depth 
of one-half inch or more, showing that the corrosive sublimate had 
penetrated to a considerable depth and that the organism was unable 
to attack this part of the cueumber even after several days. 

This series of experiments was repeated many times with practi- 
cally the same results. Sometimes the action was a little slower and 
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sometimes a little more rapid. It was found that the action was more 
rapid if the cucumbers were nearly ripe before inoculation and when 
the temperature of the air in which they were kept after inoculation 
was about 380° ©. Some of the experiments were carried on in the 
dark and some in diffused light, but there was no apparent difference 
in the time required for the inoculation to take, nor in the rate of 
progress made in softening the cucumbers in the two cases. The rate 
of disintegration was the same on both the upper and the lower sides 
of the cucumbers. 

Lue green peppers. —These peppers were obtained from the market, 
thoroughly washed with distilled water, and afterwards with corrosive 
sublimate, and again rinsed with distilled water. With asterile knife 
they were cut into slices and placed in sterile petri dishes, two pieces 
in each dish. One piece in each dish was inoculated manele with 
the calla-disease organism. In twenty-four hours at 20° to 25° C. it 
was seen that the inoeubabell pieces were slightly attacked by the germ, 
and in forty-eight hours the disease had progressed, although not as 
rapidly as in the cases of the cucumber, potato, carrot, and some other 
vegetables. The organism attacked both the central and the outer 
parts of the pepper, but the change in color was not suflicient to show 
in a photograph even after five days. The inoculated parts were all 
darker than the controls (Ridgway’s Parrot Green, No. 7, Plate X, or 
Saceardo’s Atro-virens, No. 34, Table 11), while the original was nearly 
grass green toward the outside. The interior of the pepper, originally 
nearly white, was changed to Cream Buff, Ridgway’s No. 11, Plate V, 
or Saccardo’s Cremeus, No. 27, Table I]. The inoculated parts were — 
also soft, had the odor of decaying peppers, and were strongly alka- 
line to litmus. 

Ruw mature onion bulbs. —The outside layers were removed and the 
onion was then cut into pieces of convenient thickness and placed in 
petri dishes, three pieces in each dish. Two of these pieces were inoc- 
ulated with a 24-hour-old culture of the calla germ and one was left 
for control. Several dishes were prepared in this manner. The 
organism grew on the onion, but not rapidly, and at the end of five 
days at a temperature of from 20° to 25° C. the decay was apparent, 
although the layers of the onion were not broken down. The color 
was Cream Buff, No. 11, Plate V, Ridgway, or Saccardo’s Cremeus, No. 

27, Table Il. The odor was that of decaying onions. In reaction the 
inoculated pieces were moderately alkaline to litmus. 

Raw young onions.—Several onions were grown from seeds, and 
when the young plants were about two weeks old they had produced 
three leaves each and the longest of the leaves measured from 6 to | 
8 inches. These plants were inoculated with the calla organism by — 
placing a drop of a 24-hour-old beef-broth culture on a leaf with a_ ‘ 
sterile needle and puncturing the leaf several times through the drop | 
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of bacteria-laden broth. No sign of disease appeared in any case, 
although the plants were kept under observation for several weeks. 
This experiment was repeated several times with negative results, 
indicating that this organism is not a producer of disease in young 
green onions. , 

Raw pieplant.—Stalks of raw pieplant were washed with corrosive 
sublimate and then in distilled water. With a sterile knife the out- 
side was removed and the stalks were then cut into slices about 2 em. 
thick and four placed in each petri dish. Two of each four were 
inoculated with a 24-hour-old beef-broth culture of the calla germ. 
In two cases only was there any growth, and this was very feeble, 
resulting at the end of five days in a slight brown discoloration. The 
experiment was repeated several times, but in all cases the growth 
was very feeble and hardly perceptible. 

Raw cabbage.—Cabbage heads were obtained from the market, the 
outer leaves were pulled off, and inoculations were made into the 
stumps and leaves of several plants, using a 24-hour-old beef-broth 
culture of the calla germ, several heads being left for control. In 
twenty-four hours the inoculated spots were slightly discolored. The 
color deepened for nine days (temperature, 18° to 27° C.), at the end 
of which time the rot had spread over the whole surface of the stumps 
and entirely through them. The color was Drab, No. 18, Plate III, 
Ridgway, or somewhat darker than Saccardo’s Avellaneus, No. 7, 
Table I. At the same time the decay progressed in the leaves, pro- 
ducing the same color and advancing from leaf to leaf until at the end 
of nine days the whole of each inoculated head was affected. None of 
the control plants was affected during this time. The decayed speci- 
mens had the odor of rotten cabbage and in reaction were strongly 
alkaline to litmus. 

In addition to these experiments with cabbage, pieces of stumps and 
leaves were washed with corrosive sublimate, then with sterile water, 
and placed in petri dishes, four pieces in each dish, two of which 
were immediately inoculated with a 24-hour-old beef-broth culture of 
the organism and two left for control. In twenty-four hours at 20° 
to 25° C. the inoculated pieces began to show discoloration and in five 
days the inoculated pieces were decayed throughout. The control 
pieces remained sound, except in a few instances in which the exuding 
juice from the decayed pieces came into contact with the controls, in 
which cases the latter decayed. The color, odor, and reaction were 
the same as in the experiments with the whole heads, as previously 
described. 

Raw parsnips.—Raw parsnips were obtained from the market and 
treated in the same way as the raw potatoes. Witha sterile knife 
pieces of convenient thickness were cut and placed in sterile petri 
dishes, four pieces in each dish. Two pieces in each dish were inocu- 
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lated with the calla-rot germ, using a 24-hour-old beef-broth culture. 
At the end of twenty-four hours after inoculation the inoculated 
pieces began to show discoloration at the points of infection, and at 
the end of three days (temperature, 18° to 25° C.) the discoloration 
was very marked (Pl. VII, fig. 1). The inoculated pieces had a pun- 
vent, sweetish odor and were plainly alkaline to litmus. ‘The color 
corresponded to Ridgway’s Mummy Brown, No. 10, Plate 111, or nearly 
to Saccardo’s Fuligineus, No. 11, Table I. 

Raw carrots.—Several roots of carrots were obtained from the 
market and prepared in the manner indicated above. Slices of suit- 
able thickness to be placed in petri dishes were then cut off with a 
sterile knife. Four pieces were placed in each petri dish, and as in 
the other experiments two out of each set were inoculated with the 
‘alla-rot organism and two left for control. In twenty-four hours 
at 20° to 22° C. the inoculated pieces began to discolor at the points 
of inoculation, and in three days the discoloration was very striking 
over the entire surface of the inoculated pieces (Pl. VII, fig. 2). In 
the central part of the root the discoloration had extended entirely 
through, a distance of 2 cem., while toward the outer surface the 
progress was not so rapid, the discoloration having extended only 
about lem. The color of the inoculated pieces three days after inoe- 
ulation was Vandyke Brown, No. 5, Ridgway’s Plate ILI,,or nearly 
Saccardo’s Fuligineus, No. 11, Table I. The decayed part was dis- 
tinctly alkaline to litmus. At the end of eight days the inoculated 
pieces were entirely discolored and soft, while the uninoculated pieces 
still retained their normal color and were sound. At this time the 
inoculated pieces had changed in color from Vandyke Brown or Fulig- 
ineus to Olive, No. 9, Ridgway’s Plate III, or to Saccardo’s Oliva- 
ceus, No. 39, Table II. | 

Raw turnips.—A firm, white turnip was obtained from the market, 
prepared for the petri dishes, and inoculated in the same manner as 
the other vegetables. In twenty-four hours discoloration was dis- 
tinctly noticeable at the points of inoculation, and in three days the 
discoloration was very striking and had progressed downward from 2 
to 3 mm., while the uninoculated pieces were .still white and sound 
(see Pl. VIII, fig. 1). The color of the inoculated pieces at this time 
closely resembled Ridgway’s Olive, No. 9, Plate III, or Saccardo’s 
Olivaceus, No. 39, Table Il. The discolored parts were strongly 
alkaline to litmus and had a striking odor of decayed turnips. 

Raw salsify.—Several roots of salsify were obtained from the mar- 
ket and the same method was used in preparing and inoculating them 
that was employed with the other vegetables. In twenty-four hours 
the inoculated pieces were discolored and in three days all had discol- 
ored but only the inoculated pieces had decayed, and as these kept 
their shape it was impossible to bring out the difference in color by 
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means of a photograph. The growth of the organism, however, was 
apparently just as rapid in the salsify as in the parsnips, carrots, ete. 
The inoculated pieces were alkaline to litmus and had an odor of 
decaying salsify. 

Raw tomatoes, ripe.—Several ripe tomatoes were inoculated with a 
24-hour-old beef-broth culture of the calla germ. Before inoculating, 
a spot about one inch in diameter on the surface of the fruit was washed 
with a dilute solution of corrosive sublimate and then with sterile water. 
A loop of the culture was then placed on the sterilized spot and a sterile 
needle was used to puncture the skin through the drop of beef-broth 
culture. Some of the tomatoes so inoculated were left in diffused light, 
some were placed in a dark room, and all were maintained at a tempera- 
ture of about 18° C. Twenty-four hours after inoculation each infected 
spot was surrounded by a watery area about 1} inches in diameter. The 
contents of the inoculated tomatoes softened: rapidly, so that at the 
end of four days after inoculation openings were made in the skins of 
some of the infected fruits and the contents were poured out, leaving 
the skins intact. The cell contents of the inoculated tomatoes were 
apparently acted upon by some substance that dissolved the inter- 
cellular layers and allowed the individual cells to become entirely 
separated, as in the case of the cucumbers already cited. The cell 
contents did not seem to be. affected, nor did the substance act upon 
the skin of the tomato. 

Raw tomatoes, green.—Some tomato plants growing in the Depart- 
ment greenhouse bore a number of unripe tomatoes varying from 1 
to 2 inches in diameter. Six of these were inoculated on the plants in the 
same manner as the ripe tomatoes described above. Twenty-four 
hoursafter inoculation (temperature, about 30° C.)allthe infected toma- 
toes had small watery spots at the point of inoculation. ‘Twenty-four 
hours later the watery spots appeared sunken and whitish. In another 
twenty-four hours the spots began to turn brown, the skin cracked, 
and the juice began to ooze out. In twelve days after inoculation the 
contents had oozed from all the inoculated tomatoes, leaving the skins 
still clinging to the vines. Plate VIII, figure 2, shows a photograph 
of one of the skins (No. 2) and of an uninoculated tomato (No. 1) on 
a piece of one of the vines. The skins did not cling firmly to the 
vines, but could be easily removed. The stems to which the skins 
were attached had a discolored and dead appearance, but were not at 
all soft. Green tomatoes brought into contact, either artificially or 
naturally, with a decayed tomato did not take the disease. While the 
general effect of the organism is the same upon the green as upon the 
ripe tomato, the progress is much more rapid in the case of the ripe 
fruits. 

Raw apples (York Imperial).—The outside of the apple was washed 
with corrosive sublimate (1 part in 1,000) and then with sterile water. 
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Several pieces were then cut out with a sterile knife and placed in 
sterile petri dishes, four pieces in each dish. ‘Two pieces in each dish 
were inoculated with a 24-hour-old culture of the calla-rot germ in 
beef broth and two pieces were left for control. After four days a 
slight growth was noticeable, but the rate of growth was very slow. 

Raw pineapples.—TVhe outside was removed and several pieces were 
cut from the interior with a sterile knife. As in the previous case, 
four pieces were placed in each of several petri dishes. Two pieces in 
each dish were inoculated as above and two left for control. These 
preparations were kept for about ten days, but no growth appeared on 
any of the pieces. 

Raw yellow bananas.—The outside of the bananas was carefully 
peeled off, and with a sterile knife cross sections from 1} to 2 em. thick 
were cut off and placed in sterile petri dishes, four in each dish. As 
in the preceding cases, two pieces in each were inoculated with a 24- 
hour-old culture of the calla-rot germ in beef broth and two were left 
for control. After ten days no growth was noticeable on any of the 
pieces. 


GAS. 


To determine whether or not the calla-rot organism is a gas pro- 
ducer, six solutions were used, viz, peptone water +1 per cent man- 
nite, peptone water +1 per cent maltose, peptone water +1 per cent 
dextrose, peptone water +1 per cent cane sugar, peptone water +1 
per cent milk sugar, and peptone water +1 percent glycerin. A half 
dozen fermentation tubes were filled with each of these solutions, and 
after sterilizing for fifteen minutes on three consecutive days several 
tubes of each set were inoculated with a 1-mm. loop of a 24-hour-old 
beef-broth culture of the calla-rot organism. <A part of each set was left 
for control. In eighteen hours after inoculation of the infected tubes 
(temperature, 20° C.) they were clouded in the bulb, and the clouding 
extended from one-half to 1 inch into the closed ends of the tubes. 
In forty hours the clouding extended to the top of the closed end of 
each inoculated tube, but no gas had formed in any case. (Fig. 6.) The 
control tubes were all clear and free from gas. ‘These tubes were kept 
under observation for two weeks, but no gas formed in any of the 
tubes, and the control tubes were still clear and free from sediment. 
The inoculated peptone-mannite tubes began to clear at the top of the 
closed ends in from twenty to thirty weeks after inoculation. The 
deposit formed from a settling of the sediment was cream buff in 
color, as seen by reflected light, and corresponded very nearly to — 
Ridgway’s No. 11, Plate V. The reaction of the contents of the tube 
was slightly acid to litmus at the close of the experiment. The inocu- _ 
lated peptone-maltose tubes began to clear in from ten to twelve — 
weeks, and by the end of twenty weeks were entirely clear. The- 
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deposit formed was only about one-half the bulk of the deposit in the 
peptone-mannite tubes. It was of a drab color, corresponding very 
closely to Ridgway’s Ecru Drab, or a little darker than Saccardo’s 
Avellaneus, No. 7, Table I, when viewed by reflected light. The reac- 
tion of the contents of the tubes was slightly alkaline to litmus at the 
close of the experiment. The peptone-dextrose tubes began to clear 
in from ten to twelve weeks after inocula- 
tion, and in twenty weeks were entirely 
clear. <A large part of the sediment clung 
to the back of the upright part of the tube 
instead of settling completely, as in the 
other inoculated tubes. The color of the 
deposit was also drab, corresponding very 
closely to Ridgway’s Ecru Drab, No. 21, 
Plate IL], or a little darker than Saccardo’s 
Avellaneus, No. 7, Table 1, when seen by 
reflected light. The reaction of the con- 
tents of the tube at the close of the experi- 
ment was slightly acid to litmus. The cane 
sugar, milk sugar, and glycerin tubes 
cleared in from one to six weeks. The 
glycerin tube cleared first, then the milk- 
sugar tube, and lastly the cane-sugar tubes. 
The deposit was heaviest—about 4 mm. 
deep—in the cane-sugar tubes, about 2 mm. 
deep in the milk-sugar tubes, and only 1 Fie. 6—Fermentation tube ten 
mm. deep in the glycerin tube. The color  °* aad ee Fg ae es 
of the deposit was the same as in the other 

cases, viz, Ridgway’s Ecru Drab, No. 21, Plate III, or a little darker 
than Saccardo’s Avellaneus, No. 7, Table I. Each inoculated tube 
gave an acid reaction with litmus at the close of the experiment. No 
gas formed in any of the tubes. It is therefore apparent that the 
ealla-rot organism is not capable of splitting up mannite, maltose, 
dextrose, cane sugar, milk sugar, or glycerin so that a gas will form. 


ACTION ON LEAD ACETATE. 


Slant tubes of lactose agar, colored with litmus, were inoculated 
with the calla-rot organism, and at the same time slips of filter paper 
saturated with lead acetate were introduced into the tubes. These 
paper strips were held at one end by a cotton plug, so that they did 
not come into contact with the medium. In twenty-four hours the 
color began to fade from the litmus-lactose agar, and in three days 
the agar was practically colorless, except a small area near the top, 
which was still slightly tinged. At the same time the lead acetate 
paper began to blacken around the edges. Twenty-four hours later 
the margins of the paper strips were still darker and the discoloration 


32 A SOFT ROT OF THE CALLA LILY. 


extended a little farther from the edge. At the end of eight days 
from the beginning of the experiment the color had entirely disap- 
peared from the inoculated tubes, while it remained unchanged in the 
controls. The lead-acetate papers were blackened about three-fourths 
of an inch from the lower end upward, the color fading out and leay- 
ing no sharp line of demarcation. The liquid that settled in the angle 
of the inoculated tubes at the end of eight days had become nearly 
cream color, corresponding closely to Ridgway’s No. 20, Plate VI, or 
Saccardo’s Cremeus, No. 27, Table Il, while in the control tubes the 
liquid was still litmus color. At the expiration of twenty-seven days 
from the beginning of the experiment the color began to return in the 
agar, and seven days later the original color had returned throughout 
the agar and also in the liquid that had previously been cream color. 
As soon as the color began to return to the agar the discoloration of 
the lead-acetate slips ceased to develop. The black color in the lead- 
acetate papers was undoubtedly due to the formation of hydrogen sul- 
phid, which develops on certain media during the activity of the calla- 
rot organism. As soon as the organism became inactive the hydrogen 
sulphid ceased to form, and what had formed passed off from the agar, 
allowing the litmus color to return. Beef broth inoculated with the 
‘aulla-rot organism discolored the margins of lead-acetate paper in 
twenty-four hours, the discoloration extending abont one-fourth of an 
inch from the margin. This gas forms much more rapidly in beef 


Pom] 
broth than in litmus-lactose agar, while the organism growing on 


potato cylinders produced no blackening of lead-acetate strips, even at 
the end of three weeks after inoculation. 


INDOL. 


Several tubes of peptonized Uschinsky’s solution were inoculated 
with fresh cultures of the calla-rot organism. The inoculated tubes 
clouded within twenty-four hours, and tests were made from day to 
day for indol, using concentrated sulphuric acid and sodium nitrite, 
but even at the end of twenty-four days no trace of indol could be 
detected, although the tubes were heated to 80° C. after the application 
of the acid and the nitrite. 


NITRATES REDUCED TO NITRITES. 


Four tubes of nitrate bouillon were inoculated with the calla germ. 
These became distinctly clouded in the usual time, and at the end of 
two days were tested for nitrites as follows: To 10 c. ¢. of the clouded 
bouillion 1 c. ¢. of starch solution and 1 c. c. of potassium iodid solu- 
tion were added. One drop of sulphuric acid was then sufficient to 
give an intensely blue color, indicating that the nitrates had been 
changed to nitrites. The control tubes treated in the same manner 
gave no reaction, 
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MAXIMUM TEMPERATURE, 


In determining the maximum temperature at which the calla-rot 
organism will grow several media were used, viz, agar, gelatin, beef 
broth, and Uschinsky’s solution. These media were inoculated with a 
24-hour-old culture of the calla-rot organism in beef broth, and several 
tubes of each medium were placed in an incubator which registered 
40° C. At the expiration of forty-eight hours the temperature still 
remained at 40° C., and there was no visible growth in any of the 
media. Growth was apparent in all the control tubes at the end of 
twenty-four hours after inoculation. On the third day after the tubes 
were placed in the oven the temperature fell to 38° C., and at the 
expiration of twenty-four hours thereafter there was a visible cloud- | 
ing of the beef broth and of the Uschinsky solution, but no growth 
appeared on the other media. When the incubator had again become 
steady at 40° C., fresh cultures were introduced, including, in addition 
to the above mentioned media, milk, litmus milk, and poured-agar 
plates. At the end of forty-eight hours there was a slight clouding 
of the beef broth and of the Uschinsky solution, but no growth was 
yet apparent in the other media. Twenty-four hours later the clouding 
in the beef broth and in Uschinsky’s solution had increased and minute 
colonies began to appear in the poured plates, slight growth being 
apparent also on slant agar and stab gelatin cultures. At the end of 
another twenty-four hours the milk was slightly curdled and the 
litmus milk was beginning to redden. The temperature remained 
constantly at 40° C., and growth advanced slowly in all cases for 
several days. The colonies in the poured plates increased in size until 
they were from 2 to 3 mm. in diameter. It should be noted that all 
the colonies produced on the agar plates at this high temperature were 
round, none of them showing any tendency to radiate as they did 
under temperatures from 20° to 30° C. While 40° C. retards the 
growth of the organism it does not prevent it. The incubator was 
next regulated at 41° C. and fresh cultures of the organism on the 
various media were placed in it. After forty-eight hours there was a 
slight growth in the Uschinsky solution and on the slant agar, but it 
was very slight as compared with the controls. No growth appeared 
in the other media. At the end of another forty-eight hours, growth 
in the agar and in the Uschinsky solution was not perceptibly advanced 
and no growth appeared in any of the other media. Upon removing 
all these cultures to conditions of normal temperature at the end of 
the fourth day, growth advanced rapidly in those cases where it had 
started and appeared in all the other media used within twenty-four 
hours after removal. When fresh cultures were kept constantly at 
42° C. no growth appeared, but exposure to this temperature for 
twenty-four hours did not destroy the life of the organism, as evidenced 
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by the fact that when the cultures were removed from the incubator 
at 42° and kept at 20° C. growth began within a few hours. If fresh 
cultures were placed in the incubator at 43” C. life was not destroyed 
within fifteen hours, but cultures removed at the end of twenty-four 
hours and placed under normal conditions failed to grow. If the 
temperature was kept constantly above 41° C. no growth appeared in 
any of the media used. Hence after many repeated tests it was 
decided that 41° C. is the maximum temperature at which this organism 
will grow. 


MINIMUM TEMPERATURE. 


To determine the lowest temperature at which the calla-rot organ- 
ism will grow, fresh cultures were placed in the ice box at different 
elevations, with as little variation as possible in the quantity of ice, 
so that the temperature remained fairly constant for each set of cul- 
tures, but varied for the different sets from about 3° to 9° C. Set 1 
consisted of cultures of beef broth, Uschinsky’s solution, gelatin stab 
cultures, and slant agar, and was kept at a temperature between 3° 
and 5° C. for twenty-four days. The control cultures at room tem- 
peratures of 20° C. produced growth as usual within twenty-four 
hours, while the cultures at the low temperature showed no signs of 
growth until they were removed from the ice box at the expiration 
of twenty-four days, when all produced growth within twenty-four 
hours. Set 2 was kept at approximately 6° C. for nine days, at the 
end of which time growth appeared, slightly clouding the beef broth. 
The temperature sometimes fell to 5° C., but did not at any time dur- 
ing the nine days exceed 64° C. Set 3 was kept at approximately 9° C. 
Slight growth began in from two to four days. Beef broth was the 
first to show the growth in the low temperatures, while in the high 
temperatures it was usually the Uschinsky solution that clouded first. 
Six and one-half degrees centigrade seems to be the lowest tempera- 
ture at which growth will take place. At 9° C. growth takes place 
slowly and the colonies in agar-plate cultures at this temperature are 
small and round, as was found to be the case in the high temperatures. 


OPTIMUM TEMPERATURE. 


The calla-rot organism grows readily between 15° and 37° C. 
Fresh cultures of beef broth, Uschinsky’s solution, and agar inoculated 
with a 1 mm. loop of a 24-hour-old beef-broth culture, placed in an 
incubator at 87.5° C., showed signs of growth within six hours. Simi- 
lar cultures at 35° C. showed a distinct growth in four hours. As it 
is sometimes difficult to compare culture solutions accurately with ref- 
erence to the intensity of clouding, agar-plate cultures were also used. 
The fresh cultures were placed at different temperatures—some at 20°, 
some at 30°, some at 33°, some at 35°, and some at 37.5° C. In 
fifteen hours the plates at 85° C. showed the colonies most distinctly. 


THERMAL DEATH POINT. B35 


The colonies measured from 1 to 8 mm. in diameter. Colonies were 
also visible in the plates at 20° and 80° and at 87.5°C., but they were 
smaller—scarcely larger than pin points. Similar tests were made of 
other temperatures above and below 35° C. with like results. Since all 
growth above and below 35° C. is slower than at this temperature, it 
appears that 85° C. is the optimum temperature for the growth of the 
calla-rot organism. In thirty-four hours the colonies at 35° C. had 
the characteristic radiating form, while those at and above 87.5° C. 
were round, 
THERMAL DEATH POINT. 


The thermal death point is the lowest temperature at which the life 
of the organism will be destroyed when a fresh culture is exposed to 
that temperature for ten minutes. To determine that point with the 
calla-rot organism fresh beef-broth cultures were made from a 24-hour- 
old culture of beef broth, each culture consisting of 10 ¢. ¢. of broth 
inoculated with a 1-mm. loop of the 24-hour-old culture. The tubes 
containing these fresh cultures were placed in water at constant tem- 
perature for ten minutes. In the first experiment three sets of tubes 
were used. One set was exposed to a temperature of 49°, another set 
was exposed to 49.20°, and the third set was exposed to 49.40° C. 
After exposing the tubes to these temperatures they were placed at 
room temperature of about 20° C., and at the expiration of eighteen 
hours all control tubes were clouded and all exposed tubes were clear. 
Six hours later set 1 (49° C.) was clouded slightly; sets 2 and 3 were 
still clear. Twenty-four hours later—i. e., forty-eight hours from the 
time the tubes were exposed to the heat—all inoculated tubes were 
clouded. In the second experiment three sets of tubes were again 
used. After inoculating in the same manner as above, one set was 
exposed for 10 minutes to a temperature of 49.50°, another to 50°, 
and a third to 50.20° C. Several inoculated tubes were left untreated 
for control. At the expiration of twenty-four hours all control tubes 
were clouded, and all exposed tubes were clear. Twenty-four hours 
later four tubes in set 1 (49.50 C.) were clouded and two were clear. 
All tubes in sets 2 and 3 (12 in all) were still clear. At the expiration 
of two weeks all tubes in sets 2 and 3 were still clear, and the two 
tubes in set 1 were also clear. Agar plates were made from the clouded 
tubes that were heated to 49.50~ C., and in all cases pure cultures of 
the calla organism were obtained, as indicated by the shape of the 
colony and by the fact that inoculations into calla plants produced the 
characteristic symptoms of the disease. Several sets of cultures were 
subsequently exposed to a temperature of 50- C, for ten minutes, but 
always with the result that they all remained clear indefinitely, while 
a part, at least, of the cultures exposed below 50° C. clouded in a 
longer or shorter time, showing that 50° C. is the thermal death point 
for this organism, 
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DIFFUSED LIGHT. 


Diffused light had no effect upon the development of the organism 
in any of the media used, i. e., beef broth and other liquid media, 
clouded or otherwise, showed the presence of the organism as readily 
under one condition as the other, and in the agar plates the colonies 
formed as quickly and grew as rapidly in diffused light as in the dark. 


DIRECT SUNLIGHT. 


To determine the effect of direct sunlight upon the organism several 
tubes, each containing 10 ¢. c. of agar, were inoculated and poured 
into thin petri dishes. One-half of each dish was covered with black 
paper and the dishes were then exposed to the direct sunlight. Some 
of the dishes were removed from the direct sunlight at the end of five, 
ten, fifteen, twenty, and sixty minutes. In those dishes that were 
exposed five minutes only, colonies appeared in all points of the plate 
in twenty hours. The colonies appeared just as readily and grew just 
as rapidly in the exposed as in the unexposed part of the plate, but 
were a little less numerous, showing that a few of the organisms had 
been killed by the direct light in five minutes. In the plates that 
were exposed ten minutes colonies appeared in the covered part of 
the plate within twenty-four hours, but none appeared in the exposed 
part of the plate until nearly forty-eight hours after being placed 
in diffused light. The colonies which finally formed in the exposed 
part were much less numerous than those in the shaded part. In the 
covered part of the plate that was exposed fifteen minutes colonies 
appeared within twenty hours, but no colonies appeared in the exposed 
side, even at the end of a week, except a few around the edge of the 
plate, which were apparently protected slightly either by the shadow 
of the margin of the petri dish or by the organism being several deep 
around the margin of the plate, so that the upper layers protected 
those below from being destroyed by the direct rays of the sun. The 
same was true of the plates exposed twenty minutes. It appears, there- 
fore, that from five to fifteen minutes of direct sunlight are sufficient to 
destroy the life of the organism, but that a very slight protection only 
is necessary to prevent them from being destroyed. Even in the 
plates exposed for sixty minutes the organisms around the margin 
of the plate were likewise protected. In all cases colonies appeared 
close to the dividing line between the exposed and the shaded part of 
the plate, and growth extended in every instance from these marginal 
colonies into the exposed part of the plate, showing the characteristic 
radiation of the colonies when not crowded. 


EFFECT OF NITROGEN. 


Several tubes of beef broth were inoculated with the calla-rot germ 
and the tubes were placed immediately in a jar from which the oxygen 
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was removed by the aid of pyrogallic acid and sodium hydrate, thus 
leaving practically an atmosphere of nitrogen. The jar was placed in 
diffused light at a temperature of from 18° to 25°C. At the expira- 
tion of thirty-five days it was opened and the beef broth was as clear 
as if it had not been inoculated, showing that ne growth had taken 
place in the absence of oxygen. ‘Twenty-four hours after the jar was 
opened the tubes were clouded as deeply as if the inoculation had been 
made the day the jar was opened instead of thirty-five days prior to 
thattime. Hence, while nitrogen will not enable the organism to grow, 
its life is not destroyed by the action of this gas, and when inocula- 
tions were made from these cultures into callas the disease promptly 
appeared, and in forty-eight hours the inoculated leaves and flower 
stalks had rotted off. Agar-poured plates made from the clouded tubes 
and from the diseased portion of the inoculated calla showed the same 
characteristic pure cultures composed of radiating colonies. To deter- 
mine how much longer the organism would live in the absence of oxy- 
gen, cotton-plugged tubes of beef broth, Uschinsky’s solution, and a 
mixture of Dunham’s and Uschinsky’s solutions (half and half) were 
inoculated with the calla organism and were kept in an atmosphere of 
nitrogen two hundred and seventy-five days, in the manner described 
above. At the expiration of this time the tubes, all of which were 
clear, were exposed to the air at room temperature, i. e., 18° to 25° C., 
the same temperature at which they had been kept in the atmosphere 
free from oxygen. The atmosphere in the jar would not support com- 
bustion at the moment it was opened, indicating that the oxygen had 
not diffused into it. In twenty-four hours after exposing the tubes to 
the air the Uschinsky solution and the mixture of the Uschinsky and 
Dunham solutions were all clouded, but the beef-broth solutions were 
not clouded. The clouding increased for several days in those tubes 
in which it had begun, but no growth appeared in the beef broth even 
after several weeks of exposure to the air. Poured plates and inocu- 
lations into healthy callas from the clouded tubes showed that this was 
the calla organism. 


EFFECT OF CARBON DIOXID. 


Freshly inoculated tubes of slant agar, Uschinsky’s solution, nitrate 
bouillon, and common bouillon were placed in an air-tight jar into 
which carbon dioxid was passed. Before the gas entered the jar con- 
taining the tubes it was passed through solutions of potassium per- 
manganate, sodium hydrate, and distilled water. After being filled 
and exhausted six times, to insure an atmosphere of pure carbon 
dioxid, the jar was filled with the gas, sealed, and allowed to stand for 
fourteen days. At the expiration of this time it was opened and the 
tubes were examined. The slant agar showed a thin, pure white growth 
the whole length of the streak and a small amount of. whitish precipi- 
tate in the fluid in the angle formed by the agar and the side of the 
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tube. The amount of growth was only moderaie. The Uschinsky’s 
solution showed no growth at this time. In twenty-four hours the 
tubes of Uschinsky’s solution were still clear, but at the end of forty- 
eight hours after exposure to the air the solution was distinctly 
clouded, showing that free oxygen is necessary for the growth of the 
calla organism in Uschinsky’s solution. 

In the nitrate bouillon there was only a moderate amount of growth 
at the time the jar was opened, but the solution was distinctly clouded. 
There was a white precipitate 7 mm. in breadth, but no pellicle or rim 
had formed. The nitrates were reduced to nitrites, as shown by the 
usual test. The common bouillon was distinctly and uniformly clouded. 
Apparently the growth had been twice as rapid as in the nitrate bouil- 
lon, as indicated by the degree of cloudiness of the tubes and by the 
large amount of white precipitate, which was fully twice as abundant 
as in the nitrate bouillon tubes. No rim or pellicle formed in any of 
the tabes. 

EFFECT OF HYDROGEN. 


Tubes of slant agar, Uschinsky’s solution, ordinary bouillon, and 
nitrate bouillon were inoculated with the calla organism and placed in 
a hydrogen atmosphere. The hydrogen was generated by the action 
of dilute sulphuric acid upon zine. The gas thus produced was 
passed through solutions of silver nitrate, potassium permanganate, 
sodium hydrate, and distilled water into a chamber containing the 
inoculated tubes. The chamber was filled and exhausted six times, 
thus insuring practically a pure atmosphere of hydrogen. The cham- 
ber was then sealed and left undisturbed for twenty days, at the end 
of which time the following results were noted: 

The organism had made a feeble growth on the slant agar, as indi- 
cated by a very faint streak along the surface of the medium, and a 
small amount of whitish precipitate to the depth of 2 mm. had been 
deposited in the angle between the agar and the side of the tube. 
Uschinsky’s solution was feebly clouded throughout. A small amount 
of deposit. to the breadth of 7 to 8 mm. had formed in the bottom of 
the tube. The ordinary bouillon was feebly clouded throughout and 
a white precipitate 8 mm. in breadth had been deposited. The nitrate 
bouillon was feebly clouded, with a small amount of white deposit 12 
mm. broad in the bottom of the tube.. No rim or pellicle had formed 
in any of the fluids. 


COMPARISON OF CALLA-ROT GERM WITH SIMILAR ORGANISMS. 


Bacillus carotovorus Jones.“—Upon comparing the calla organism 
with the carrot-rot germ, as described by Jones, it is found to differ in 


«Jones, L. R. A Soft Rot of Carrot and Other Vegetables Caused by Bacillus 
Carotovorus, Jones. Thirteenth Annual Report of the Vermont Experiment Station, 
1900, p. 299. 
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several particulars—i. e., the calla rot does not, while the latter does 
produce gas. The former ‘s not affected by diffused light, while the 
latter is affected, etc. The shape of colonies differs. There are, of 
course, numerous points in which the two organisms agree, but they 
differ in enough essential points to show that they are not the same. 

Bacillus oleracexe Harrison.“—Cultures of this organism were ob- 
tained, and repeated inoculations were made with fresh cultures into 
various parts of calla plants. At the same time parallel inoculations 
were made with similar cultures of the calla-rot germ. In twenty- 
four hours after inoculation nearly all the plants inoculated with the 
calla germ showed the characteristic symptoms of disease, and the 
decay continued to progress until the plants 
were practically destroyed. On the other 
hand Harrison’s organism did not affect the 
plants in any way, showing that the two 
organisins are not identical. 

Heinz’s hyacinth germ (Bacillus hyacinthi 
septicus).’—In order to learn the effect of 
the calla organism on hyacinths, more than 
100 hyacinths were inoculated with fresh cul- 
tures of the calla germ. The leaves, flower 
stalk, and flowers were inoculated. Most of 
the inoculations were made in plants grow- 
ing in the open when the weather was bright 
and warm. A few hyacinths were potted 
and placed in a greenhouse. The ficwers 
were inoculated by dropping a single drop 
of a 24-hour-old beef-broth culture into the 
flower. The leavesand flower stalks were in- 
oculated by scraping a quantity of the fresh [. | 
growth of the organism from a slant-agar Fi. 7.—Hothouse hyacinth inoow- 
surface, applying it to the diseased spot, ae, flower with Xie qaUe 
and then puncturing the plant with a sterile 
needle through the mass of organisms. None of the plants in the open 
showed any symptoms of the disease whatever, although they were 
watched daily for more than two weeks. The inoculated plants in the 
ereenhouse did not show any symptoms of disease until the expiration 
of five days, when a few of the leaves and flower stalks began to 
soften. The affected parts gradually decayed throughout (fig. 7). 
Pure cultures of the calla organism were obtained from these diseased 
parts of the hyacinths. The difficulty with which this organism 


aHlarrison, F. C. Preliminary Note on a New Organism Producing Rot in Cauli- 
flower and Allied Plants. Science, n. s., Vol. XVI, July 25, 1902, p. 152. 

bHeinz, A.. Zur Kenntniss der Rotzkrankheiten der Pflanzen. Centralblatt f. 
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affects the hyacinths indicates that it is not the same as Heinz’s 
hyacinth germ, which attacked the plants readily and destroyed them 
rapidly when inoculated by either of the methods used in these tests. 
Heinz’s organism (Lacillus hyacinthi septicus) does not liquefy gelatin, 
while the opposite is true of the calla organism. ‘The colonies in 
plate cultures are round and when grown on sterile potato they are a 
dirty yellow color. The colonies of the calla organism are usually 
radiating and on potato they produce a brownish color. 

Potter's Pseudomonas destructans.“—Potter’s organism, when grown 
in a solution containing sugar, liberates carbonic acid gas. The calla 
organism is nota gas producer. Colonies in plate cultures are round, 
and when grown on vegetables the end reaction is acid. The calla 
organism usually produces radiating colonies, and on vegetables the 
end reaction is generally alkaline. /’sewdomonas destructans has but 
one flagellum while the calla organism has several flagella. 

Likewise in comparison with other forms the calla germ does not 
agree in all particulars with any other known organism, and the 
writer therefore proposes for the calla-rot germ the name Lacd//us 
aroider. 


ORIGIN AND SPREAD OF THE DISEASE. 


The calla rot bas been reported from the Western, Central, and 
Eastern States, i. e., from the Atlantic to the Pacific. It therefore 
appears to have spread over the entire calla-growing section of the 
United States, but it is much more destructive in some portions of 
the country than in others. It causes a loss of thousands of dollars 
annually and has become so destructive in some sections that the 
growers have either abandoned the calla altogether or have greatly 
reduced the space and time that they have heretofore devoted to this 
plant. It is therefore of the highest importance that the grower 
should know the source of this disease and the ways in which it may 
spread from place to place and from plant to plant. 

Calla corms that are attacked late in the season go into their resting 
stage in a partly decayed condition. If the attack has been slight the 
infected spot will dry down and may be overlooked when corms are 
selected the following season for growing calla plants. When callas 
begin to grow from such corms the organisms which have remained 
dormant during the resting period of the corm are revived and decay 
is started afresh. Since this organism may remain dormant for 
months without its life becoming extinct, it may be spread from one 
locality to another, and even from country to country, whenever dis- 
eased corms are transported. It is undoubtedly in this manner that 
the disease has become so widespread in this country. 


@ Potter, M.C. Ueber eine Bakterienkrankheit der Ruben. Centralblatt f. Bakt. 
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The spread of the disease from plant to plant in the same house 
seems to be accomplished mainly through the soil. One reaches this 
conclusion from the fact that healthy calla plants growing in pots and 
standing near diseased callas are less likely to become infected than 
when similar healthy plants are growing in a solid bed with diseased 
corms. Furthermore, it is almost always the case that the disease, if 
undisturbed, first attacks the corm beneath or just at the surface of 
the ground, 

Usually the first season that the disease appears only a few of the 
plants are actually destroyed, but the millions of organisms which are 
produced during the process of decay remain in the soil, and some of 
them reach corms that were perfectly healthy when planted. These 
infections, as already indicated, often produce the hold-over cases, 
which develop the following season. The organism may be carried 
from plant to plant by stirring the soil after some of the corms have 
become well rotted, or simply by walking about on the bed in cutting 
the flowers. 

The nature of the soil apparently has much to do with the spread of 
the disease in the bed. A soil that is rich in vegetable matter is a bet- 
ter medium for the organism to grow and spread in than a soil that is 
poor in such material. Furthermore, a soil filled with humus retains 
the moisture better than one that is lacking in vegetable matter, a con- 
dition that greatly aids the multiplication of the organism. It often 
happens that the roots reach from corm to corm through the soil of 
the solid bed. Usually the corms are placed about 12 inches apart 
each way, and it is not uncommon for the plants to produce roots from 
6 to 12 inches in length. Plate IX shows a small plant with a root 
more than 6 inches long. The writer has frequently been able to fol- 
low the progress of the disease through these roots from plant to plant. 
The contents of a calia root affected with this disease become soft, 
while the epidermis remains intact. The diseased roots are also some- 
what darker than the healthy ones, so that they can be distinguished 
readily by sight as well as by touch. These appear to be the princi- 
pal methods by which this disease is spread from plant to plant in the 
solid bed. 

The only insect that has been observed by the writer in connection 
with the diseased plants is the so-called bulb-mite, but in no case has 
this insect been found on any part of a healthy plant and only on the 
decayed part of the diseased plants. To determine whether or not 
those insects were at all responsible for the spread of the disease a large 
number of mites were placed in petri dishes containing pure cultures 
of the calla organism. After the mites had come into contact with the 
colonies of bacteria they were transferred to healthy callas. Some 
were placed on the corms, others on the leaves, and still others on the 
flower stalks, but in no case did any of these plants develop the rot. 


42 A SOFT ROT OF THE CALLA LILY. 
REMEDIES. 


Various methods have been used with the hope of finding some 
remedy by which the progress of the disease could be stopped after 
the plants became infected. With this end in view the following 
treatments were used: The partly decayed corms were treated with 
the following substances, viz, air-slaked lime (two parts of the same 
with one part sulphur), formalin (varying from 1 to 10 per cent), 
corrosive sublimate, Bordeaux mixture, and copper sulphate solution. 
These were used on plants in different stages of decay. In some cases 
the soft partof the bulb was scraped away with a clean knife before the 
substance was applied, and in other instances the material was placed 
on the decayed part without in any way disturbing it. Sometimes 
the softened part was scraped away and nothing was applied, simply 
leaving the exposed surface to dry down. None of the treatments, 
however, was entirely successful. The lime and the lime and sulphur 
retarded the progress of the disease, but in a few cases only did the 
disease seem to be entirely eradicated. ‘The solutions used appeared 
to make no impression upon the disease unless they were of sufficient 
strength to kill the plant. A few of the plants that were scraped and 
left without further treatment did not suffer further decay, but the 
percentage of cases of this kind was very low. 

The successful treatment of the diseased plants in the bed was con- 
sidered impracticable, and preventive measures were then resorted to, 
The soil was all removed from the solid bed in which practically all 
the callas had decayed, and this was replaced with fresh soil. At the 
proper time a new set of corms was obtained, but they were not 
planted directly in the bed. They were first carefully examined and 
all that showed suspicious dark-colored spots were discarded. ‘The 
remainder were started in pots and then transplanted. This made it 
possible to discard all plants which showed any indication of the rot 
after growth began. Asa result no disease appeared in the bed of 
1,000 callas during the entire season. ‘The same soil was used the see- 
ond and third vears and the same precautions were taken in regard 
to putting into the bed only healthy bulbs, so far as possible, with 
the result that while a few diseased plants appeared successful crops 
of eallas were grown. Plate I shows the third consecutive lot of 
callas in the same bed since the crop was entirely destroyed by the 
soft rot. Very little of the disease has appeared owing to the pre- 
cautions that were taken in changing the soil and in selecting healthy 
corms. 

It is safe, therefore, to state that the soft rot of the calla may be 
prevented or held in check sufficiently for all practical purposes by 
changing the soil every third or fourth year, depending upon the 
number of cases of rot that appear, and by exercising due caution in 
selecting only healthy plants for the bed. Diseased corms may often 
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be detected, even in the dormant state, by examining for discolored 
spots, but it is safer to start the plants in pots, even after the corms 
having discolored areas have been rejected, to insure getting as few 
diseased plants as possible in the bed, since experience shows that some 
corms are so slightly affected that the disease is not easily detected in 
the dormant state. Some growers prefer to keep their plants in pots 
throughout the season as a preventive measure against the rot, but as 
a rule callas grown in this manner do not produce as large flowers as 
when grown in a solid bed. Hence, if the trade demands a large 
flower, the solid bed is preferable. 


In conclusion, the writer wishes to express his acknowledgment. to 
Dr. Erwin F. Smith, pathologist in charge of the laboratory of plant 
pathology, for his many helpful suggestions and his assistance in 
‘arrying on this work, and also to Mr. Alexander B. Garden, of Ana- 
costia, D. C., for his kindness in allowing free access to his calla house 
during the past four years. 


SUMMARY. 


(1) The soft rot of the calla is a bacterial disease. 

(2) The organism that produces the calla rot is a short rod bearing 
peritrichiate flagella. 

(8) The organism occupies the intercellular space in its host and 
dissolves the layers that connect the cells, causing the affected tissue 
to break down into a soft, slimy mass. 

(4) The organism is able to attack a large number of raw vegeta- 
bles, and is capable of producing soft rot in many of our useful plants. 
Care should therefore be taken not to throw any decayed or partly 
decayed callas or the soil from a bed in which callas have decayed in 
any place where the vegetables mentioned in this bulletin are to be 
grown. | 

(5) It does not attack tree fruits readily, and hence is not likely to 
produce fruit rots. 

(6) It grows readily on beef agar, forming at room temperature (18° 
to 25° C.) radiating colonies, while on the same medium at extreme 
temperatures (8° or 37°) the colonies are usually round. 

(7) It liquefies gelatin. 

(8) It coagulates milk, and first reddens, then bleaches blue litmus 
milk. , 

(9) A l-mm. loop of a fresh fluid culture of the organism placed in 
10 ¢. c. of beef broth will distinctly cloud it in four hours at 35° C., 

(10) The organism does not produce gas when grown in a peptone 
solution containing 1 per cent of cane sugar, milk sugar, ¢lycerin, 
maltose, dextrose, or mannite. 

(11) It bleaches litmus lactose agar. 
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(12) It will not grow at a temperature below 6° C., nor at a tem- 
perature above 41° C., and grows best at 35° C. 

(13) The life of the organism is destroyed if it is kept for ten min- 
utes in tubes of beef broth at or above 50° C, 

(14) Its growth is not affected by diffused light, but direct sunlight 
will kill the organism in from five to fifteen minutes. 

(15) It will not grow in an atmosphere from which the oxygen has 
been removed, but will remain alive for many months in this condition 
at a room temperature of 18° to 25° C. 

(16) It does not grow well in an atmosphere of pure hydrogen. 

(17) Its growth is very slight in an atmosphere of carbon dioxid. 

(18) When grown on vegetables the end reaction is usually alkaline 
to litmus. 

(19) The organism may remain dormant for many months in partly 
decayed corms, a condition which enables the disease to be transported 
long distances and to be held over from year to year. 

(20) The soft rot of the calla may be prevented by a careful selec- 
tion of sound corms and by changing the soil in the calla beds at 
intervals of three or four years. 

(21) Brief description of the organism: 


B. aroidex n. sp. A short rod with rounded ends, generally single or in doublets 
or 4’s, but under certain conditions growing in chains. Usual length when taken 
from a beef-broth culture 24 hours old 24-3, breadth about 0.5 and fairly constant. 
Organism motile, flagella 2 to 8, peritrichiate. Growth white or nearly so on the 
various solid media. Aerobic and facultative anzerobic. Not a gas producer. 
Liquefies gelatin; reddens litmus milk, separates the casein from the whey and 
solidifies the former. Grows slowly on potato cylinders, where it is white with a 
tinge of yellow, the potato being distinctly grayed. Growth good and vitality long 
in Uschinsky’s solution. Noindol produced. Nitrates reduced to nitrites. Methy- 
lene blue in Dunham’s solution is changed to green on addition of grape sugar. Does 
not grow in nitrogen but remains alive many months. Grows feebly in hydrogen 
and carbon dioxid. Minimum temperature for growth about 6° C.; optimum, 35° C.; 
maximum, 41° C., thermal death point, 50° C. Surface colonies on agar, round at 
temperatures near the maximum and minimum, but fimbriate at optimum tempera- 
ture. 

B. aroidex was isolated from rotting calla corms and is the cause of a soft rot of the 
corm, petiole, and flower stalk of the calla lily. It also causes a soit, dark colored 
rot when inoculated into many raw vegetables, such as carrot, potato, turnip, radish, 
cabbage, and cauliflower. It also causes a soft rot of certain green fruits, such as 
the tomato, eggplant, and cucumber. 


DESCRIPTION OF PLATES. 


Pate |. Frontispiece. Calla bed in which all the callas, 1,000 in number, were 
destroyed by the soft rot four years ago. Since that time three successful crops 
of the plant have been grown in this bed under the writer’s direction, this being 
the third crop. 

Piate Il. Fig. 1.—The organism that produces the soft rot of the calla, showing the 
form of the individual, the development in chains, and the presence of flagella 
(x 1,000). Fig. 2.—Development of colonies of the soft-rot organism on agar 
plates at 18° to 25°C. The organism with which these plates were inoculated had 
been kept dormant for two hundred and seventy-five days by withholding oxygen. 
Nearly all the colonies are round. Only afew show a slight tendency to radiate, 
Photographed three days after the plates were poured. (Natural size.) Figs. 
3, 4, and 5.—These figures were made from agar plates which were inoculated 
with the same organism as figure 2, but after it had been for a longer time exposed 
to the air and had been transferred several times to fresh sterile beef broth. 
These plates were three days old and had been kept at a temperature of from 
18° to 25° C. 

Puare Ill. Fig. 1.—Agar plate colony of the calla organism three days old at room 
temperature of about 20° C. The organism had been grown in beef broth 
previous to making the agar plate. (Natural size.) Fig. 2.—Agar plate colonies 
of the calla organism three daysold. Grown at a temperature of 37° C. for three 
days, then kept for two days at about 20° C. (Natural size.) Fig. 3.—Tubes 
from which agar plates were poured photographed three days after pouring the 
plates; temperature, about 20° C. The agar was inoculated with a beef-broth 
culture of the calla organism. (Natural size. ) 

Puate IY. Fig. 1, A.—Stab culture of the calla organism in neutral gelatin twenty- 
four hours after inoculation at 18° to 20° C. Fig. 1, B.—Stab culture of the 
calla organism in neutral gelatin three days old at 18° to 20°C. Fig. 1, C.—Stab 
culture of the calla organism in -+ 15 (acid) gelatin twenty-four hours after inocu- 
lation at 18° to 20°C. Fig. 2.—Raw eggplant in petri dish. Pieces 1 and 4 
were inoculated with the calla organism, while pieces 2 and 3 were left for con- 
trol. The photograph was made three days after inoculation. 

Piatre V. Fig. 1.—Raw radish in petri dish. Nos. 2 and 3 were inoculated with 
the calla organism, while Nos. 1 and 4 were left for control. Photographed 
three days after inoculation. Fig. 2.—Side view of same plate nine days after 
inoculation. No. 2 was inoculated and No. 1 was left for control. 

PLare VI. A.—A cucumber inoculated with the calla organism. Photographed 
two days alter inoculation, when the contents were soft throughout, except the 
spot near the stem end where the cucumber was inoculated. B.—A cucumber 
used for control; i. e., it was treated in the same manner as A, except that the 
calla organism was not applied to the punctures. ; 


Pirate VII. Fig. 1.—Raw parsnip root in petri dish. The discolored pieces at 
right and lett were inoculated, while the upper and lower pieces were left for 
control. Photographed three days after inoculation. (Naturalsize.) Fig. 2.— 
Raw carrot root three days after inoculation with the calla organism. Pieces 2 
and 3 were inoculated, while pieces 1 and 4 were left for control. (Natural size. ) 
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Puare VII. Fig. 1.—Raw turnip root in petri dish. The discolored pieces were 
inoculated with the calla organism, while the other pieces were left for control. 
As shown in this figure it is the center of the root that is most readily attacked 
by the organism. Fig. 2.—Green tomato fruit infected on the plant. The 
shriveled fruit shown at the base of the stem was inoculated with the calla 
organism. Photographed ten days after inoculation. The fruit at the left of 
the one inoculated remained sound in spite of the fact that it was in contact 
with the diseased fruit. 

Prare IX. Small-calla plant, showing roots about 8 inches in length. The corm 
shows scars where it had evidently been attacked by the soft rot and had either 
recovered or the organism was dormant at the time the photograph was taken, 


47 
O 


Bul. 60, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE II. 


Fic. 2.—AGAR PLATE COLONIES. Fia. 3.—AGAR PLATE COLONIES. 
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Fia. 1.—THE CALLA ROT ORGANISM X 1,000. 


FiG. 4.—AGAR PLATE COLONIES. Fic. 5.—AGAR PLATE COLONIES. 


Bul. 60, Bureau of Plant Industry, U. S, Dept. of Agriculture. PLATE III. 
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FiG. 3.—COLONIES OF THE CALLA ORGANISM IN TEST TUBES. 


Bul. 60, Bureau of Plant Industry, U. S. Dept. of Agriculture PLATE IV. 


FiG. 2.—RAW EGGPLANT INOCULATED WITH THE CALLA ORGANISM. (NATURAL SIZE.) 


Bul. 60, Bureau of Plant Industry, U. S. Dept. of Agriculture PLATE Vv. 


Fig. 1.—RAW RADISH THREE DAYS AFTER INOCULATING PIECES 2 AND 3 WITH 
THE CALLA ORGANISM. 


Fic. 2.—SiIDE VIEW OF PIECES 1 AND 2 NINE DAyS AFTER INOCULATING 
No. 2. 


Bul. €0, Bureau of Plant Industry, U. S. Dept. of Agricultura, PLATE VI. 


EFFECT OF CALLA ORGANISM ON CUCUMBER: A, INOCULATED; B, CONTROL. 


PLATE VII. 
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FiG. 2.—RAW CARROT THREE DAYS AFTER INOCULATING PIECES 2 AND 3. 


Bul. 60, Bureau of Plant Industry, U. S. Dept. of Agriculture PLATE VIII. 


Fic. 1.—RAW TURNIP THREE DAYS AFTER INOCULATING PIECES 1 AND 38. 


Fia. 2.—GREEN FRUIT AND BRANCH OF TOMATO: No. 2, INOCULATED; No. 1, 
CONTROL. (ONE-FOURTH NATURAL SIZE.) 


Bul. ¢ Q, Bureau of Pilar t Indust y, U », OD pt of Agriculture PLATE |x 


SMALL CALLA PLANT, ABOUT TWO-THIRDS NATURAL SIZE. 
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